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(57) Abstract 



Engineered particles arc provided for the delivery of a bioactive agent to the respiratory tract of a paiicnL The particles may be used 
in the form of dry powders or in the form of stabilized dispersions comprising a nonaqueous continuous phase. In particularly preferred 
embodiments the particles may be used in conjunction with an inhalation device such as a dry powder inhaler, metered dose inhaler or a 
nebulizer. 
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PERFORATED MICROPARTICLES AND METHODS OF USE 
Field of the Invention 

5 The present invention reietes to formulations and methods for the production of perforated 

microstructures wNch comprise en active agent. In particularly preferred embodiments^ the ective agent will 
comprise a bioactive agent. The perforated microstructures will preferably be used in conjunction with 
inhalation devices such ss a metered dose inhaler, dry powder inhaler or nebulizer for both topical and 
systemic delivery via pulmonary or nasal routes. 

10 

Packqround of the Invention 

Targeted drug deivery means are particdarly desirable where toxicity or bioaveiiability of the 
phannacauticai compound is an issue. Specific drug deOvery methods and compositions that effectively deposit the 
compound at the site of action potentialy serve to mininuze tone side effects, lower dosing lequranents and 

1 5 decrease therapeutic costs. In this legard the development of such systems for pulmonary drug delivery has long 
been a goal of the pharniaceutkri industry. 

The three most common systems presently used to defiver drugs locsily to the pidmonery ar passages ere 
dry powder inhalers (DPI^, metered dose inhalers IMDls) end nebiiizers. MDiSr the most popular method of 
inhalation aMristratioa may be used to deher medcamants in a sdubiiized form or as a dsparsion. Typcelly MDls 

20 comprise a Freon or other relatively high vapor pressure propelant that farces aerosolized medicBtion into the 
respiratory tract upon activation of the device. Unlike MDls, DPIs generdly rely entirely on the patienfs inspiratory 
efforts to introduce a metf cement in a dry powder fonn to the iungs. Finally, nebidizers forni a meificament aarosol 
to be inhaled by imparting energy to a liquid solution. More recently, drect pulmonery delivery of drugs during liquid 
ventiietion or pulmonary levage using a fiuQrochemical medium has also been explored. WNie each of these methods 

25 and associated systems may prove effecthre in selected situation^ inherent drawbacks, indudng formulation 
limitations, can limit their use. 

The MDI is dependent on the propulsive force of the propeiiant system used in its manufacture. 
Traditionally, the propeiiant system has consisted of a mixture of chlorofluorocarbons (CFCs) which are 
selected to provide the desired vapor pressure end suspension stability. Currently, CFCs such as Freon 11, 

30 Freon 12, and Freon 114 are the most widely used propellants in aerosol formujations for inhalation 
administration. While such systems may be used to deliver solubilized drug, the selected bioactive agent is 
typically incorporated in the form of a fine particulate to provide a dispersion. To minimize or prevent the 
problem of aggregation in such systems, surfactants are often used to coat the surfaces of the bioactive 
agent and assist in wetting the particles with the aerosol propellent. The use of surfactants in this way to 

3 S maintain substantially unifonn dispersions is said to "stabilize" the suspensions. 
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Unfortunately/ tradtional cMorofluorocarbon propellents are now bellevBd to deplete stratospheric 
ozone and, as a consequence, are being phased out. This, in turn, has led to the development of eerosol 
fomndations for pulmonary drug delivery employing so^alied environmentally friendly propellents. Classes of 
propelants which are believed to hove minimal ozone-depletion potential in comparison with CFCs are 
S perflinrinated cimipounds (PFCsl end hydrofhioroalkanes (HFAs). While selected compounds in these classes 
may function effectively es biocompatible propellents, many of the surfectents that wem effecthre in 
stabilizing drug suspensions in CFCs are no longer effective in these new propellant systems. As the solubility 
of the surfactant in the HFA decreases, diffusion of the surfactant to the interface between the drug particle 
end HFA becomes exceedingly slow, leading to poor wetting of the medicament particles end a loss of 

10 suspension steUfity. TMs decreased solubility for surfactants in HFA propellents is likely to result in 
decreesed efficecy with regard to any incorporated bioactive agent. 

More generally, drug suspensions in liquid fiuorochemicals, including HFAs, comprise heterogeneous 
systems which usually require redispersion prior to use. Yet because of factors such as patient compliance 
obtaining a relatively homogeneous (fistrifamion of the pharmaceutical compound is not always easy or 

1 5 successful, in edditioa prior art formulations comprising micronized particulates may be prone to aggregation 
of the particles which cen result in inadequate delivery of the drug. Crystal growth of the suspensions via 
Ostweld ripening mey also leed to particle size heterogeneity and can significantiy reduce the shslf-Hfe of tiie 
formulation. Another i^oblem with conventional dispersions comprising micronized disperssnts is particle 
coarsening. Coarsening may occur via severel mechanisms such as flocculation, fusioa molecular diffusion, 

20 and coalescence. Over a reletively short period of time these processes can coarsen the formulation to the 
point where it is no longer usable. As such, while conventional systems comprising fluorochemica] 
suspensions for MOIs or liquid ventiiation are certainly a substantial improvement over prior art non- 
ftuorochemical delivery vehicles, the drug suspensions may be improved upon to enable formulations with 
improved stability that also offer more efficient and accurate dosing at the desired site. 

2S Similarly, conventional powdered preparations for use in DPis often fail to provide accurate, 

reproducible dosing over extended periods. In this respect, those skilled in the art will appreciate that 
conventional powders (i.e. micronized) tend to aggregate due to hydrophobic or electrostatic interactions 
between the fine particles. These changes in particle size and increases in cohesive forces over time tend to 
provide powders that give undesirable pulmonary distribution profiles upon activation of the device. More 

30 particulariy, fine particle aggregation disrupts the aerodynamic properties of the powder, thereby preventing 
large amounts of the aerosolized medicament from reaching the deeper airways of the lung where it is most 
effective. 

In order to overcome the unwanted increases in cohesive forces, prior art formulations have 
typically used lerge carrier particles comprising lactose to prevent the fine drug particles from aggregating. 
35 Such earner systems allow for at least some of the drug particles to loosely bind to the lactose surface and 
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disengage upon inhalation. However, substantial amounts of the drug fail to disengage from the large lactose 
particles and are deposited in the throat. As such, these carrier systems are relativelY inefficient with 
respect to the fine particle fraction provided per actuation of the DPI. Another solution to particle 
aggregation is proposed in WO 88f31346 wherein particles having retetively large geometric diameters (i.e. 
5 preferably greater than 10 /imi are used to reduce the amount of particle interactions thereby preserving the 
flowabitity of the powder. As with the prior art carrier systems, the use of large particles apparently reduces 
the overall surface area of the powder preperation reportedly resulting in improvsnents in flowability and fine 
particle fraction. Unfortunately, the use of retativeiy large particles may result in dosing limitations when 
used in standard DPIs and provide for less than optknal dosing due to the potentially prolonged dssdution 
10 times. As such, there still remains a need for standard sized particles that resist aggregation and preserve the 
flowability and dispersibility of the resulting powder. 

Accordingly, it is an ol^ect of the present invention to provide methods end preparations that 
advantageously allow for the nasd or pulmonary administratton of powders having relatively high fine partide 
fractions. 

IS It is a further object of the prasem invention to provide stafaflized preparations suitable for eerosoization 

and subsequent administration to the ptimonary air passages of a patient in need thereof. 

It is yet another object of the present hvention to provide powders that may be used to provide stabilized 
tispersions. 

it is st31 a further object of the present invention to provide powders exNbiting relatively low cohesive 
20 forces that aro compatible for use in dry powder inhalers, 

Summarv of the invention 

These and other objects ere provided for by the invention disdosed and darned herein. To that end, the 
methods and associated compositions of the present invention provide, in a broad aspect, for the improved delivery of 

25 agents to a desired site. More particuiarly, the present invention may provide for the delivery of bioactive agents to 
selected physidogicd target sites using perforated microstmcture powders. In preferred embodments, tf% bioactive 
egents are in a fonn for administration to at least a portion of the pulmonary air passages of a patient in need 
thereof. To that end, the present invention provides for the fomiation and use of perforated microstructures and 
delivery systems comprising sich powders, as well as individual components thereof. The disdosed powders may 

30 further be dspersed in selected suspension media to provide stabilized dspersions. Unlike prior art powders or 
dispersions for drug delivery, the present invention preferably employs novd techniques to reduce attractive forces 
between the partides. As such, the disdosed powders exhibit improved flowability and dispersibiity while the 
disclosed dsperstons exhibit reduced degradation by floccdation, sedimentation or creaming. Moreover, the 
st^Oized preparations of the present invention preferably comprise a suspension medium (e.g. a fluorochemical) that 

3S further serves to reduce the rate of degradation with respect to the incorporated bioactive agent. Accordingly, the 
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dispersions or powders of the present invention may be used in conjunction with metered dose inhalers, dry powder 
inhalers atomim nebuEzers or liquid dose instillation (LDI) techniques to provide for effective drug deiivery. 

With regard to particulariy preferred embodiments, the hoDow andfor porous perforated microstnjctures 
substantiallv reduce attracthre mdecdar forces, such as van der Waals foroe$, whbb dominate prior art powdered 
5 preparations and cfispersions. In this respect the powdered compositions typically have relatively low biik densities 
wNch contribute to the ftowabiSty of the preparations whie providing the desired cherecteristics for inhalation 
thnapies. More particulady, the use of relatively low density perforated (or porous) microstructures or 
microparticulates significamly reduces attractive fon»s between the partides thereby lowering the shear forces and 
increasing the fiowatalty of the residting powders. The relatively kmr density of the perforated microstructures also 
10 provides for superior aerodynamic perfomiance when used in inhalation therapy. When used in dispersions, the 
physical characteristics of the powders provide for the fomiation of stable preparations. Moreover, by selecting 
(fispersion components in accordance with the teachings herein, interpartide attractive forces may further be 
reduced to provide f omtulations having enhanced stability. 

Accvdi ngty, select embodments of the invention provide for powders having increased dispersibity 
I S comprising a plurality of perforated microstnjctures heving a bulk density of less than about 0.5 g/cm^ wherein 
said perforated microstructure powder comprises an active egent 

With regard to tte perforated microstructures, tiiose skilled in the ert will eppredete thet they may be 
formed of any biocompatible material providing the desired physical characteristics or morphdogy. In tiiis respect, 
the perforated microstructures will preferably comprise pores, voids, defects or other interstitial spaces ttiat ect to 
20 reduce attractive forces by minimizing surface intaactions and decreasing shear forces. Yet, given these 
constraints, it vmI be eppredated that any materiel or configuration may be used to form the microstmcture matrix. 
As to tiie selected materiel;, it is desireble that the microstnjcture incorporates at least one surfactant. Preferably, 
this surfactant wSI comprise a phosphoipid or otiier surfectant approved for pulmonary use. Similarly, it is preferred 
that the microstnjctures incorporate at least one active agent which may be a Inoactive agent. As to the 
25 configuration, particularly preferred embodments of the invention incorporate spray driei hollow nvcrospheres 
having a relatively thin porous wall defining a large internal void, although, other void contairirg or perforated 
structures are contemplated as well. In preferred embodments the perforated miaostructures will further comprise 
a bioacth/e agent. 

Accordngly, the present invention provides for the use of a bioactive agent in the manufacture of a 
30 medcament for pulmonary delivery whereby the medicament comprises a plurality of perforated microstructures 
. which are aerosoRzed using an inhalation device to provide aerosolized medicament comprising sdd bioactive egent 
wherein said aerosoSzed medcament is administered to at least a portion of the nasal or pulmonary air passages of a 
patient in need thereof. 

It will hirther be appredated that, In selected embodments, the present invention comprises methods for 
35 formirq perforated microstructures that exhibit improved dspersibility. In this regard, it w91 be appredated that tite 
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disclosed perforated microstntctures reduce attractive mdecular forces; such as van der Waats forces; which 
dominate prior art pouvdered preperations. That is, unljlte prior art preparations comprising reiativety dense, solid 
parthies or notqiorous particles (e^ nvcronzedj, the powdered compositions of the present invention exhSiit 
increased flowabiity and disparsibiity due to the lower shear forces. In part, this reduction in cohesive forces is e 
S result of the novd production methods used to provide the desired powders. 

As such, preferred embodiments of the invention provide methods for forming e perforated 
microstnicture comprising the steps of: 

providng a liquid feed stxk comprising an active agent; 

atomiang said bitid feed stock to produce dspersed liqiid droplet^ 
1 0 drying said iQuid droplets under predetermined conditions to form perforated micnstructures composing 

said active egent; and 

coilecting sen) perforated microstructures. 

With regerd to the fomiation of the perforated microstnictures it wil be appreciated that, in preferred 
embodiments, the particles wil be spray dried using commerdaDy available equipment In this regard the feed stock 

1 5 will preferably comprise e blowing agent that may be selected from fluorinated compounds and noniluorinated oils. 
Preferebly, the fluorinated compounds will have a boifing pdnt of greater than about 60°C. Within the context of the 
mstant invention the fluormeted blowing egent may be reteined in the perforated microstmctures to further increase 
the dspersiUity of. the resulting powder or improve the stahlty of dspersions bicorporating the same. Further, 
nonfluorinated oils may be used to increase the sdubity of sdected bioective egents (e.g. sterdds) in the feed stock, 

20 resulting in increased concentrations of Uoacthn agents in the perforated nucrostructures. 

As dscussed above, the dispersibility of the perforated microstructure powders may be increased fay 
reducing, or minimizing, the van der Waels attractive forces between the constituent perforeted 
microstructuras. In this regard, the present invention further provides methods for increasing the dispersibility 
of a powder comprising the steps of: 

25 providing e liquid feed stxk comprising an active agent; and 

spray drying said Squid feed stock to produce a (»rf orated microstructure powder having e bulk density of 
less than about 0.5 g/cm^ wlwrein said powder exhibits reduced van der Waals attractive forces when compared to a 
relatively non-porous powder of the same composition. In particdariy preferred embodiments the perforated 
microstructures will comprise hdlow, porous microspheres. 

30 The blowing agent may be dispersed in the carrier using techniques known in the art for the 

production of homogenous dispersions such a sonication, mechanical mixing or high pressure homogenization. 
Other methods contemplated for the dspersion of blowing egents in the feed solution indude commixing of 
two fluids prior to atomization as described for double nebulization techniques. Of course; it will be 
appredated that the atomizer can be customized to optimize the desired partide characteristics such as 

35 partide size. In spedal cases a double fiquid nozzle may be employed, in another embodiment, the blowing 
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agent may be dispersed by introducing the agent into the solution under elevated pressures such as in the 
case of nitrogen or carbon dioxide gas. 

As to the delivery of pnf orated nricrostructure powders or stabilized dispersions, another aspect of 
the present invention is directed to inhalation systems for the administration of one or more bioactive agents 
5 to a patient. As such, the present invention provides systems for the pulmonary administration of a bioactive 
egent to a petient comprising: 

an inhalation device comprising e reservoir; end 

a powder in said reservoir wherein seid powder con^irises e plurality of perforated nncrostructures having 
' a bulk density of less than about 0.5 g/cm^ wherein sod perforated microstructure powder cnnprises a bioactive 

1 0 agent whereby said inhalation device provides for the eerosoized edministration of said powder to at least a portion 
of the pulmonary air passages of a patient In need thereof. As alluded to ebove, it wil be appreciated that an 
bibdation device mey comprise en atomizer, a sprayer, a dry powder inhaler, e metered dose inhaler or a nebuGzer. 
Moreover, the reservior may be a unit dose comainer or bdk reservior. 

In other emodunents, the perforated microstructure powders may be dispersed in an appropriate 

1 S suspension mediwn to provide steUized ispersions for delivery of a selected egent Such dspersions are particidady 
useful in metered dose inhalers and nebulizers. In this regard, particuiaily preferred suspension mediums comprise 
fluorochemicds lag. perfluorocarbons or fluorxarbons) that are liquid et room temperature. As discussed above, It 
. is wefl estafafished that many fluorochemicals have e proven history of ssfety and biocompatibiiity in the kmg. 
Further, in contrest to aqueous sohitions, fluorochemicals do not negetively impact gas exchange. Moreover, 

20 beceuse of their unique wettabffity characteristics, fluorochemicals may be ebte to provide for the dispersion of 
particles deeper into the hing, thereby improving systemic defivery. Finally, many fluorochemicals are also 
bacteriostatic thereby decreasing the potentia! for microbial growth in compatible prepa^tions. 

Whether edministered in the form of a dry powder or stabilized cSspersioa the present invention provides 
for the effective deiivery of bioactive agents. As used herein, the terms "bioactive agent" refers to a substance ' 

25 which is used in connection with an application that is therapeutic or diagnostic in nature, such as methods for 
diagnosing the presence or absence of a disease in a patient and/or methods for treating disease in a patient. As to 
compatible bioactive agents, those skilled in the art will appreciate that any therapeutic or diagnostic agent may be 
incorporated in the stab'lized dspersions of the present invention. For example, the Uoactive agent may be selected 
from the group consisting of antiallergics, faronchodilators, bronchoconstrictors, pulmonary lung surfactants. 

30 analgesics, antibiotics, leukotriene inhibitors or antagonists, anticholinergics, mast cell inhibitors, antiNstamines, 
antnnflammatories, antineoplastics, anesthetics, anti-tuberculars, imaging agents, cardiovascular agents, enzymes, 
steroids, genetic material, viral vectors, antisense agents, proteins, peptides and combinations thereof. In prefen-ed 
embodments the bioactive agents comprise compounds which are to be administered systemically fi.e. to the 
systemic arctistion of a patient) such as peptides, proteins or polynucleotides. As will be (Ssdosed in more detail 
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bdow, the bioBctivs agent may be incorporated, blended in, coated on or othenMse assodated with the perforated 
nicrostnicture. 

Accordingly, the present mvenlion provides methods for the pulmonary defivery of one or more faioactive 
agents comprising the steps of: 

S providing a powder comprising e plurality of perforated microstructures having a bulk density of less 

than about 0.5 g/cm' wherein said perforated microstructure powder comprises a bioactive agent; 

aerosolizing said perforated microstructure powder to provide an aerosolized medicament; and 
admiiistering a thsrapeirticdy effective ammmt of said aerosol 
nasal or pilmonvy passa^ of a patient in need thereof. 
10 As used her«n the term "aerosolized" shall be held to mean a gaseous suspension of fine solid or 

liquid particles unless otherwise dictated by contextual restraints. That is, an aerosol or aerosolized 
medicament may be generated, for example, by a dry powder inhaler, a metered dose inhaler, en atomizer or e 
nebulizer. 

With respect to the disclosed powdery the selected agent or faioactive agent, or agems, may be used es 
IS the sole structural component of the perforated miaostructures. Conversely, the perforated microstructures may 
comprise one or more components (i.e. structural materials, surfactants, axdpients, etcJ in addition to the 
incorporated agent In perticulariy preferred embotfiments, the suspended perforeted microstructures will comprise 
reiethreiy high concentrations of surfactant (greater than about 10% wfwl along with an incorporated bioective 
agentlsK Hnelly, it should be qipredated that the perticdate or perforated microstructure may be coated, linked or 
20 otherwise assodated with an agent or bioactive agent in e non^integral manner. Whatever configuration is selected, 
it will be appredated that any assodated bioactive agent may be used in its natural form, or as one or more salts 
known in the srt. 

Wlale the powders or stabilized dispersions of the present invention are particularly suitable for the 
pulmonary admirastration of bioactive agents, they may also be used for the localized or systemic 
25 administration of compounds to any location of the body. Accordingly, it should be emphasized that, in 
preferred embodiments, the formulations may be administered using a number of different routes including, 
but not limited to, the gastrointestind trect, the respiretory tract, topically, intramusculariy, intraperitonedly, 
nasally, vaginally, rectdly, euraliy, orally or oculariy. 

Other objects, features and advantages of the present invention v^ll be apparent to those skilled In the art 
30 from a consideretion of the fdlowing detaled description of preferred exemplary embodimems thereof. 

Brief Description of the Drawings 

Figs. 1A1 to 1F2 illustrate changes in partide morphology as a function of variation in the ratio of 
fluorocarbon blowing agent to phosphdipid IPFC/PCI present in the spray dry feed. The micrographs, 
35 produced using scanning dectron microscopy and transmission electron microscopy techniques, show that in 
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the absence of FCs, or at low PFCIPC ratios, the resulting spray dried nricrostructures comprising gentamidn 
sulfate are nnther particulariy hollow nor porous. Conversely, at high PFCfPC ratios, the particles contain 
numerous pores and are substantially hoOow with thin walls. 

Fig. 2 depicts the suspension stability of gentamidn partides in Perflubron es a function of 
5 formulation PFC/PC ratio or partida porosity. The partide porosity increased with increasing PFCIPC ratio. 
Maximum stability was observed with PFC/PC ratios between 3 to 1 5, itlustreting a preferred morphology for 
the perflubron suspension media. 

Fig. 3 is a scanning electron microscopy image of perforated microstructures comprising cromolyn 
sodium illustrating a preferred hollow/porous morphology. 
1 0 ' Figs. 4A to 40 are photographs illustrating the enhanced stability provided by the dispersions of the 

present invention over time as compared to a commmd cromolyn soditsn formulation (IntaT, Rhone-Poulenc- 
Rorer). In the photographs, the commerdel fonnulation on the left rapidly separates wMIe the dispersion on 
the right formed in accordance with the teachings herein, remains staUe over an extended period. 

Fig. 5 presents results of in-vitro Andersen cascade impactor studes comparing the same hoUow 
IS porous albuterol sulfate formulation delivered via a MDI in HFA-134a, or from an exemplary DPI. Effident 
delivery of partides was observed from both devices. MDI delivery of the particles was maximized on plate 4 
corresponding to upper airway delivery. DPI delivery of the particles results in substantial deposition on the 
later stsges in the impactor corresponding to improved systemic delivery in-vivo. 



20 Detailed Description Preferred Embodiments 

While the present invention may be embodied in many different forms, disdosed herein are spedfic 
illustrative embodiments thereof that exemplify the prindples of the invention. It should be emphasized that 
the present invention is not limited to the spedfic embodiments illustrated. 

As discussed above, the present invention provides methods, systems and compositions that 

25 comprise perforated microstructures which, in preferred embocfiments, may advantageously be used for the 
delivery of bioactive agents. In pariicularly preferred embodiments, the disdosed perforated microstructure 
powders may be used in a dry state (e.g. as in a DPI) or in the form of a stabilized dspersion (e.g. as in a MDL 
LDl or nebulizer formulation) to deliver bioactive agents to the nasal or pulmonary air passages of a patient. It 
wilt be appredated that the perforated microstnictures disdosed herein comprise a stnicturai matrix that exhibits, 

30 defines or comprises vdds, pores, defects, hdlows, spaces, interstitial spaces, apertures, perforations or holes. The 
absdute shape las opposed to the morphdogy) of the perforated microstructure is generally not critical and any 
overafl configuration that provides the desired characteristics is contemplated es being within the scope of the 
invention. Accordingly, preferred embocfimems can comprise approximatety microspherical shapes. However, 
cdlapsed defonned or fractured particulates are also compatible. With tNs caveat, it will hjrther be appredated 

3 S that particulariy preferred embocfiments of the invention comprise spray dried hallow, porous microspheres. In any 
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case the disclosed powders of perforated nwaDStructums provide several advantages mdiafing, but not limitBd to, 
increases in suspension stability, improved dspersibility, superior sampling characteristics, elimination of 
carrier particles and enhanced aerodynamics. 

Those skilled in the art will epprectate that many of these espects are of particular use for dry 
5 powder inhaler applications. Unlike prior art formulations, the present invention provides unique methods and 
compositions to reduce cohesive forces between dry pertides, thereby minimizing particulate eggregation 
which cen result in en improved delivery efficiency. As suciv the disclosed preparations provide a highly 
flowaUe, dry powders that can be efficiently eerosolizedr uniformly delivered end penetrate deeply in the lung 
or nasal passages. Furthennore, the perforated microstructures of the present invention result in surprisingly 

10 low throat deposition upon administration. 

In preferred embodiments, the perforated microstructure powders have reietively low bulk density, 
aBowing the powders to provide superior sempSng properties over compositions known in the art Currentiy, 
as explained ebove, many commerdd dry powder formulations comprise lerge lactose particles which have 
micronized drug aggregeted on their surface. For these prior art formulations, the lactose partfeles serve es e 

IS carrier for the active agents and as a bulking agent, thereby providing means to partially control the fine 
particle dose delivered from the device. In edition, the lactose particles provide the means for the 
commercial filling capability of dry particles into unit dose conteiners by edding mass and volume to the 
dosage form. 

By way of contrast, the present invention uses methods and compositions that yield powder 
20 formulations having extraorcfinarily low bdk density, thereby reducing the minimal filling weight that is 
commercially feasible for use in dry powder inhalation devices. That is, most unit dose containers designed 
for DPIs are filled using fixed volume or gravimetric techniques. Contrary to prior ert formulations, the 
present invention provides powders wherein the active or bioactive agent and the incipients or bulking agents 
meke-up the entire inhaled particle. Compositions according to the present invention typically yield powders 
25 with bulk densities less than 0.& g/cm^ or 0.3 qim\ preferably less 0.1 g/cm^ and most preferably less than 
0.05 g/cm^ By providing particles with very low bulk density, the minimum powder mass that can be filled 
into e unit dose conteiner is redtK:ed, which eliminates the need for cerrier particles. That is, the relatively 
low density of the powders of the present invention provides for the reproducible administration of relatively 
low dose phannaceuticai compounds. Moreover, the elimination of carrier particles will potentially minimize 
30 throat deposition and any "gag" effect, since the large lactose particles will impact the throat and upper 
airways due to thdr size. 

In accordance with the teachings herein the perforated microstructures will preferably be provided 
in a 'dry" state. That is the microparticles will possess a moisture content that allows the powder to remain 
chemically and physically stable during storage at ambient temperature and easily dispersible. As such, the 
35 moisture content of the microparticles is typically less than 6% by weight, and preferably less 3% by weight. 
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In some instances the moisture content will be as low as 1 % by weight. Of course it will be appreciated that 
the moisture content is, at least in part, dctated by the formuletion and is controlled by the process 
conditions employei e.g., inlet temperature, feed concenUatioa pump rate, and blowing agent type, 
concentration and post drying. 

5 With respect to the composition of the structural matru defining the perforated miaostructim they may 

be f omiad of any material which possesses physical and chemicd cherecteristics that are compatible with any 
incorporated acthe agems. WhOe a wide variety of materials may be used to fomi the partides, in particuiaiiy 
pmfeired phannaceuticai embodiments the structural matrix is essociated with, or comprises, a surfactant such as 
phospholipid or fluorinated surfactant Although not required the incorporation of a compatibia surfactant can 

10 bnprove powder fiowabiity, increase aerosol efficiency, improve dispersion stebifity, and fadtate preparation of a 
suspension. It vvil be appiedated that as used hernOr the terms 'structural matru 
equiveient and shal be held to mean any soGd material forming the perforated microstructures which define a 
phvaEty of voida; apertures, hdows; defectSr pores, holes, fissures, etc that provide the desired characteristics. In 
preferred embodiment^, the perforated nvcrostructure defined by the stracturai matrix comprises a spray dried 

1 5 hflUow porous nucrosphere incorporating at least one surfactant It will further be eppredated that by altering the 
matrix components, the doisity of the structural mstrix may be edjusted. Finally, as w3l be discussed in further 
detail bdow, the perforated microstructures preferably comprise at least one acthre or bioacthre agent 

As indcatel the perforated microstructures of the present invention may optionally be assodated with, or 
comprise, one or mora surfactants. Moreover, misdbie surfactants may optionally be corabmed in the case where 

20 the micropartides are fomiulated in a suspension medium Eqmd phase. It will be appredated by those skilled in the 
art that the use of surfactants, while not necessary to practice the instant invention, may further increase cfispersion 
stafaiity, powder fiowability, simpfify fomiulation procedures or increase effidency of deivery. Of course 
combinations of surfactants, induding tl» use of one or more in the Itqtid phase and one or more assodated with the 
perforated microstnictures are comemplated as being within tte scope of the invention. By "assodated with or ^ 

25 comprise** it is meant that the structural matrix or perforated microstnjcture may incorporate, adsorb, absorb, be 
coated with or be f onned by the surfactant. 

In a broad sense, surfactants suitable for use in the preset invention indude any compound or composition 
that aids in the fomistion of perforated micropartides or provides enhanced suspension stability, improved powder 
dispersibflity or decreased partide aggregation. The surfactant may comprise a single compound or any combination 

30 of compounds, sxh as in the case of co-surfactants. Particuiarty preferred surfactants ere nonfluorinated and 
selected from the group consisting of saturated and unsaturated lipids, nonionic detergents, nonionic block 
copolymers, ionic surfactants and combinations thereof. In those embodiments comprising stabilized 
dispersions, such nonfluorinated surfactants will preferably be relatively insoluble in the suspension medium, 
tt should be emphasized that, in addition to the aforementioned surfactants, suitable fluorinated surfactants 

35 are compatible with the teachings herein and may be used to provide the desired preparations. 
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Lipids, induding phospholipids, from both natural and synthetic sources are partictilariy compatible 
with the present invention and may be used in varying concentrations to form the structural matrix. 
Generally compatible lipids comimse those that have a gel to liquid crystel phese transition greater then about 
40**C. Preferebly the incorporated lipids ere relatively long chain li.e. Cis-Cj}! setureted lipids and more- 
S preferebly compiise phospholipids. Exemplery phospholipids useful in the disclosed stabilized preparations 
GomprisOf dipalmitoyiphosphatidylcholine, disteroylphosphatidylcholine. diarachidoylphosphetidylcholine 
dibehenoylphosphatidylcholine, short-chein phosphatidylcholines, long-chain saturated 
phosphatidylethanolamines, long-chein saturated phosphatidylserines, long-chain setureted 
phosphatidylglycerols, long-chain saturated phosphatidylinositols, glycdipids, gangjioside GM1, sphingomyelin, 

1 0 phosphatidic acii cardiolipin; lipids bearing polymer chains such as polyethylene ^ycd, chKin, hyaluronic acid, 
or polyvinylpyrrolidone; lipids beering sulfonated mono-, di-, end polyssccharides; fatty adds such as palmitic 
add, stearic add, and ddc add; cholesterol cholesterol esters, and cholesterol hemisuccinate. Due to their 
excellent biocompatibility characteristics, phosphofipids and combinations of phospholipids and poloxamers 
ere perticularly sutable for use in the phamnaceuticd embodiments disdosed herdn. 

IS CompetiUe nonionic detergents comprise: sorfaiten esters induding sorbiten trideate (Span^ 85), 

sorbitan sesquideate, sorbiten monodeate, sorbitan mondaurate, pdyoxyethytene |2(H sorfaitan mondaurate, 
and pdyoxyethylene (20) sorbitan monodeate, deyl polyoxyethylene 12) ether, stearyi pdyoxyethylene (2) 
ether, leuryi polyoxyethylene (41 ether, glycerd esters, and sucrose esters. Other sdtable nonionic detergents 
cen be eesiiy identified using McCutcheon's Emdsifiers end Detergents (McPublishing Co., Glen Rock, New 

20 Jersey) which is incorporated herein in its entirety. Preferred. Uock copdymers include diblock and triblock 
copdymers of pdyoxyethylene and polyoxypropylene. including pdoxemer 188 (Pluronic' F-68), poloxemer 
407 (Pluronic^ F*127), and pdoxemer 338. Ionic surfactants such as sodium sulfosucdnate, and fatty add 
soaps may dso be utilized. In preferred embodiments the microstructures may comprise oleic ecid or its dkali 
sdt. 

25 In addition to the aforementioned surfactants, cationic surfactants or iipids are preferred espedally 

in the case of delivery or RNA or DMA. Examples of suitable cationic iipids indude: DOTMA, N-I1(2,3- 
dioleyioxy|propyli-N,N,N-trimethylammonium chloride; DOTAP, l,2-diQleyloxy*3-|trimethylammonio)propane; 
and DOTB, 1,2 dideYl-3-(4'-trimethYiammonio)butanoy1-$nglyceroL Pdycationic amino acids such as 
pdylysine, and pdyarginine are dso coritemplated. 

30 Besides those surfactants enumerated above, it will furtlier be appredated that a wide range of 

surfactants may optionally be used in conjunction with the present invention. Moreover, the optimum 
surfactant or combination thereof for a given application can readily be determined by empirical studies that 
do not require undue experimentation. Rnally, as discussed in more detail below, surfactants comprising the 
structural matrix may also be useful in the fonnation of precursor oil-in water emulsions |i.e. spray drying feed 

35 stock) used during processing to form the perforated microstructures. 
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Unlike prior art formulation;, it has surprisingly been found that the incorporation of relatively Ngh levels of 
surfactants (e.g^ phospholpidsl may be used to improve powder dispersibifity, increase suspension stebifity «id 
cteciease powder aggregation of the isdosed appKcations. That i^ on a weight to weight basisr the structural 
matrix of the pvforated microstnictures may comprise relatively high levels of surfactant. In this regard, the 
perforated microstnictures wH preferably comprise gteater than about 1 5%, 1 0%, 1 5%, 18%, or even 20% wfw 
surfactant. More preferably, the perforated microstnictures will comprise greater than about 25%, 30%, 35%, 40%, 
45%, or 50% wlw surfactant SliD other exemplary embodiments will comprise perforated microstnictures wherein 
the surfectent or surfactams are present at greater than about 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90% or 
even 95% whfv. In sdected embodiments the perforated microstructures will comprise essentially 100% w/w of a 
surfactam stch as a phospholipid. Those skilled in the art will appreciate that in such cases; the balance of the 
stnictural matrix (where epplicable) wiR likely comprise a bioactive agent or non surface active exdpients or 
additves. 

While such surfactant levels are preferably employed in perforated microstmctures, they may be used to 
provide stebtKzed systems comprising rdarively nonporeus; or substantially sdid, particulates. That is, while preferred 
embodiments will comprise perforated microstructives associated with Mgh levels of surfactant, acceptable 
microspheres may be fom»d using relettvely low porasity perticuletes of the seme surfactant concentration (i.e. 
greater than about 20% wfwi. In this respect such high surfectent embodiments are specifically contemplated as 
being within the scope of the present inventioa 

In other preferred emboifiments, of the invention the stnictural matrix defining the perforated 
microstnicture optionally comprises synthetic or natural polymers or combinations thereof. In this respect useful 
polymers comprise pdyiactides, polylactide-giycolides, cydodextrins, pdyacryiates, methylcelluiose, 
carboxymethytcellulose, polyvinyl alcohols, pdyanhydrides, polylactams, polyvinyl pyrrdidones, pdysaccharides 
idextrans, starches, chitin, chitosan, etc.), hyaluronic acid, protans, (dbumia cdlagerv gdatia etc.). Examples of 
pdymeric resins that would be useful for the preparation of perforated ink micropartides include: styrene- 
butadiene, styrene-isoprene, styrene-acrylonitrile, ethylene-vinyl acetate, ethyiene-acryiaie, ethyiene-acryiic 
add. ethylene-methylacrylatate, ethylene-ethyl acryiate, vinyl-methyl methacrylate, acrylic add-methyi 
methacrytate, and vinyl chloride-vinyl acetate. Those skOled in the art will appredate that by selecting the 
appropriate polymers, the ddh/ery effidency of the perforated micropartides andlor the stability of the dispersions 
may be tailored to optimize the effectiveness of the active or bioactive agent. 

Besides the aforementioned pdymer materials and surfactants, it may be desirable to add other 
excipients to a microsphere fomiulation to improve particle rigidity, production yidd, ddivery efficiency and 
deposition, shelf-life and patient acceptance. Sich optional excipients indude, but are not limited to: coloring 
egents, taste masking agents, buffers, hygroscopic agents, antioxidants, and chemicd stabilizers. Further, 
various excipients may be incorporeted in, or added to, the particulate matrix to provide structure and form to 
the perforated microstructures (i.e. microspheres such as latex partidesl. In this regard it will be appreciated 
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that the rigidifying components can be removed using a post-production technique such es selective solvent 
extraction. 

Other rigidifying excipients may include* but ere not limited to, carbohydrates including 
monosaccharides, disaccharides and polysacchaiides. For example, monosaccharides such as dextrose 
S (anhydrous and monohydrate), galactose, mannitol, D-mannose, sorbitol, sorbose and the like; diseccharides 
such as lactose, maltose, sucrose, trehalose, and the like; trisaccharides such as raffinose and the like; and 
other carbohydrates such as starches (hydroxyethyistarchi, cyclodextrins and maltodextrins. Amino adds are 
also suitable excipients with glycine preferred. Mixtures of carbohydrates and amino adds are further held to 
be within the scope of the present invention. The indusion of both inorgenic (e.g. sodium chloride, caldum 

10 chlnide, etcL organic salts (e.g. sodium dtrate, sodium ascorbate. magnesium gluconate, sotfium glimonate, 
tromethamine hydrochloride, etc.) and buffers is also contemplated. The inclusion of salts and organic solids 
such as ammonium carbonate, ammonium acetate, ammonium chloride or camphor are also contemplated. 

Yet other preferred onbodiments indude perforated micmstructures that may.comprise. or may be coated 
with charged spedes that prdong residence time at the point of contact or enhance penetretion through mucosae. 

IS For example, anionic charges are known to favor mucoadhesion wh9e cationic charges may be used to assodate the 
formed microparticulate with negatwely cherged bioactive agents such as genetic material. The charges may be 
imparted through the assodation or incorporation of polyaniodc or pdycationic materials such as pdyacryiic adds, 
pdylysine, pdylactic ecid end cNtosen. 

In addition to, or iitstead of, the components discussed above, the perforated microstmctures will 

20 preferably comprise at least one active or bioactive agent. As used herein, the tern "active agent* simply refers to a 
substance that enables the perforated microstructures to perfomi the desired function. Further, the temi "active 
agent" shall be held indusive of the term "bioactive agent" unless otherwise dictated by contextual restraints. 
As to the term "bioactive agent* it shall be held to comprise any substance that is used in connection with the 
diagnosis or treatment of a disease, condition or physiologica) abnormality in a patient. Particdarly preferred 

25 bioactive agents for use in accordance with the invention indude anti-diergics, peptides and proteins, pulmonary lung 
surfactants, bronchod'dators and anti-inflBmmatory sterdds for use in the treatment of respiratory (Ksorders such as 
asthma by inhalation therapy. Preferred active agents for use in accordance with the present invention indude 
pigments, dyes, inks, paints, detergents, food sweeteners, spices, adsorbants, absorbents, catalysts, 
nucleating agents, thickening agents, polymers, resins, insulators, fillers, fertilizers, phytohormones, insect 

30 pheromones, insect repellents, pet repellents, antifouling agents, pestiddes, fungiddes, disinfectants, 
perfumes, deodorants, and combinations of thereof. 

It vuill be appreciated that the perforated microstructures of jhe present invention may exdusively 
comprise one or more active or bioactive agents |i.e. 100% w/w). However, in selected embodiments the perforated 
microstructures may incorporate much less bioactive agent depending on the activity thereof. Accordingly, for highly 

35 ective materids the perforated microstmctures may incorporate as little as 0.001% by weight although a 
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concentratibn of greater than about 0.1 % w/w is preferred. Other embodtments of the invention may comprise 
greater than about 5%» 10%. 15%, 20%, 25%, 30% or even 40% wfuv active or faioacthre agent. StiH more 
prefereUy the perforated micrQstructures may comprise greater than about 50%, 80%, 70%, 75%, 80% or even 
90% wlw ective or faioacthre agent. The precise amount of active or bioactive agent incwporated in the perforated 
nicrostnictures of the present imnntion is dependent upon the agent of choice, the requked dose, and the form of 
the agent ectualy used for incorporation. Those skiled in the ert wiH eppredate thet such detemrinetions may be 
made by using wel-icnovim phannacological techniques in comfalnstion with the teachings of the present invention. 

With regerd to phamiaceutical preparations, any faioacthre agent that may be fpmiulated in the 
(fisclosed perforated microstructures is expressly held to be within the scope of the present invention, in 
perticuleriy preferred onbodiments, the selected bioective agent may be adnnnistered in the form of en 
eerosofized medicaments. Accordingly, particularly compatible bioacthre agents comprise any drug that may 
be formulBted es e floweble dry powder or which is rdathrely insoluble in selected dispersion media, in 
additioa it is preferred that the formulated egents are subject to pulmonary or nasal uptake in physiologically 
effective amounts. Compstihie bioactive agents comprise hydrophiic end lipophilic respiratory agents, pulmonary 
surfactants, bronchodiators; antibiotics; antivirals, anti^nflammatoriesr steroids, antihistaminics^ leukotriene 
inMbitors or antegonists, antichoineigics, antineoplastica; anesthetics, enzymes^ cardovascular egents, genetic 
material induing DMA md RNA, vird vectors, immunoactive agents, imaging agents; vaccmes, imnninosuppressivB 
egents, peptides, proteins and combinations thereof. Particulariy preferred bioactive agents for inhalation 
therapy comfmse msst ceil inhibitors lanti-ailergics), bronchodilators, and anti*inflanimatory steroids such as, 
for example, cromoglycete (e.g. the sodium salt), end albuterol (e.g. the sulfste salt). 

More specifically, exemplary medicements or bioactive agents may be selected from, for example, 
snrigesics, e.g. codeine, dhydromorphine, ergotemine, fentanyl, or morphine; anginal preparations, B.g. 
diltiazem; mast cell inhibitors, e.g. cromdyn sodium; antiinfectives, e.g. cephalosporins, macrolides, quinoiines. 
penicillins, streptomycin, sulphonamldes, tetracydines end pentamidine; antihistamines, e.g. methapyrilene; 
anti-inflammatories, e.g. fluticasone propionate, bedomethasone dipropionate, flunisolide, budesonide, 
tripedane, cortisone, prednisone, prednisiione, dexamethasone, betamethasone, or triamdnolone acetonide; 
antitussives, e.g. noscapine; bronchodilators, e.g. ephedrine, adrenaline, fenoterol, formoterol, isoprenafine, 
metaproterend, saibutamol, albuterol, salmeterol, terbutaline; diuretics, e.g. aniloride; anticholinergics, e.g. 
ipatropium, atropine, or oxitropium; lung surfactants e.g. Surfaxin, Exosurf, Survanla; xanthines, e.g. 
aminophylline, theophylline, caffeine; therapeutic proteins and peptides, e.g. DNAse, insulin, glucagon, LHRH, 
nafarelin, goserelin, leuprolide, interferon, rhu IL-1 receptor, macrophage activation factors such as 
lyrophokinesendmuremyl dpeptides, opidd peptides and neuropeptides such as enkephalins, endophins, renin 
inhibitors, chdecystokinins, ONAse, growth homiones, leukotriene inhibitors and the like. In addition, 
bioactive egents that comprise en RNA or DNA sequence, particulariy those useful for gene therapy, genetic 
vacdnation, genetic tderization or antisense appfications, may be incorporated in the disclosed tSspereions ss 
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described herein. Representative ONA plasmids include, but ere not limited to pCMVP lavaileble from 
Genzyme Corp, Framington, MA) and pCMV-P-gal (a CMV promotor linked to the E. coli Lac-Z gene, which 
codes for the enzpe P galactosidasel. 

In eny event, the selected active or bioactive agentls) may be associated with, or incorporated in, 
S the perforated microstructures in any form that provides the desired efficacy and is compatible with the 
chosen production techniques. As used herein^ the terms "essodate" or "assodatrng" meen that the structural 
matrix or perforated microstructure may compise, incorporate, adsorb, absorb, be coated with or be fomied by the 
ntive or bioactive a^nt Where appropriate, the actives msy be used in the fonn of salts le.9. alkali metal or 
amme salts or as add addition salts) or as esters or as sdvates (hydrates). In this regard the fonn of the 

10 acthre or bioactive agents may be selected to optimize the activity andior stability of the acthres and/or to 
minimizB the solubiEty of the agent in the suspension medium end/or to minimize particle aggregation. 

It will further be appredeted that the perforeted microstructures according to the invention may, if 
desired, contein e combinetion of two or more ective ingredients. The agents may be provided in combination 
in a stngie species of perforated microstructure or individually in separate species of perforated 

IS microstructures. For example, two or more ective or bioective egents may ba incorporated in e single feed 
stock preparation and spray dried to provide e single microstructure species comprising a plurality of active 
agents. Conversely, the individual actives could be added to separate stocks and spray dried separatdy to 
provide a plurality of microstructure spedes with different compodtions. These individud spedes could be 
edded to the suspenson medium or dry powder dispenang compartment in any deared proportion and placed 

20 in the aerosd delivery system es described below. Further, as alluded to above, the perforated 
microstructures (with or without an assodated agent) may be combined with one or more conventional (e.g. a 
micronized drug) active or bioactive egents to provide the desired dispersion stability or powder dispersibility. 

Based on the foregoing, it wiQ be appredated by those skilled in the art that a wide variety of active or 
bioa:tive agents may be incorporated in the dsdosed perforated microstmctures. Acconingiy, the list of preferred 

25 active egents above is exemplary only and not intended to be limiting, it will also be appredated by those skilled in 
the ert that the proper amount of bioactive agent and the timing of the dosages msy be detemiined for the 
formulations in accordance with already existing information and without undue experimentation. 

As seen from the passages ebove^ various components may be essodated with, or incorporated in the 
perforated microstructures of the present invention. Similariy, several techniques may be used to provide 

30 particulates having the desired morphology |e.g. a perforated or hdlowfporous configuration), dispersibility and 
densrty. Among other methods, perforated microstructures compatible with the instant invention may be formed by 
techniques induding spray drying, vacuum drying, solvent extraction, emuldfication or lyophilization, and 
combinations thereof, it will further be appreciated that the basic concepts of many of these techniques are welt 
known in the prior art and wodd not, in view of the teachings herdn, require undue experimentation to adapt them 

35 so as to provide tiie desired perforated microstructures. 
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WNb several procedures are generaliy compatible with the present invention, partictlarly preferied 
embodanents tyiucaUy comprise perforated microstnictures fonned by spray drying. As is well icnown, spray drying 
is a one-step process that converts e liquid feed to a dried particulate form. With respect to pharmaceutical 
appEcations, it will be appreciated that spray drying has been used to provide powdered material for various 
S administrative routes including inhalation. See, for example, M. Sacchetti and M.M. Van Oort in: Inhalation 
Aerosols: Physical and Biological Basis for Therapy, A J. Hickey, ed. Marcel Oekker, New York, 1996, which 
Is incorporated herein by reference. 

In generel, spray drying consists of bringing together e higMy dispersed liquid, end a sufficient 
volume of hot eir to produce eveporation and drying of the liquid droplets. The preperation to be spray dried 

10 or feed (or feed stock) can be any solution, course suspension, slurry, colloidal dispersion, or paste that may 
be etomized using the selected spray drying apperatus. In preferred embodiments the feed stock will 
comprise a coyoidal system such es an emulsion, reverse emulsion, microemulsion, multiple emulsion, 
particulate dispersion, or slurry. Typcally the feed is sprayed into a current of warm filtered air that 
evaporates the solvent and conveys the dried product to a collector. The spent air is then exhausted with the 

IS solvent. Those skilled in the ert will appreciate that severel different types of apparatus may be used to 
provide the desired product. For example, commercial spray dryers manufactured by BucM Ltd. or Niro Corp. 
will effectively produce particles of desired size. 

It will further be eppredeted that these spray dryers, and specifically their atomizers, may be 
modified or customized for specialized applications, le. the simultaneous spraying of two solutions using a 

20 double nozzle technique. More spedfically, a waterin-oii emulsion can be atomized from one nozzle and a 
solution containing an anti-adherent such as mannitol can be co-atomized from a second nozzle. In other 
cases it may be desirable to push the feed solution though a custom designed nozzle using a high pressure liquid 
chromatography (HPLC) pump. Provided that microstructures comprising the correct morphology and/or composition 
are produced the choice of apparatus is not critical and would be apparent to the skilled ertisan in view of the 

25 teachings heron. 

While the resulting spray-dried powdered particles typicaiiy are approximately spherical in shape, 
nearly unifomi in size and frequently ere hollow, there may be some degree of irregularity in shape depending 
upon the incorporated medicament and the spray drying conditions. In many instances dispersion stability 
and dispersibility of the perforated microstructures appears to be improved if an inflating agent (or blowing 

30 agent) is used in their production. Particularty preferred, embodiments may comprise an emulsion with the 
inflating agent as the disperse or continuous phase. The inflating agent is preferably dispersed with a surfactant 
solution, using, for instance, e commercially available microfluidizer at a pressure of about 5000 to 15,000 psi. This 
process kim an emulsioa preferably stabilized by an incorporated surfactant, typicaiiy comprising submicron 
droplets of water immiscible blowing agem dispersed in an aqueous continuous phase. The fomiation of such 

3 5 emulsions using this and other techniques are common and well known to those in the art. The blowing agent is 
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preferably a fluorinatsd compound (8.g. psrfiuorohaxane, perfluorooctyl bronrids, perftuorodscaiin, 
perfluorobutyl ethand which vaporizes during the spray-drying process, leaving behind generally hollow, 
porous eeiodynamically light microspheres. As will be discussed in more detail below, other suitable liquid 
blowing ^ents include nonfluorinsted oils, chloroform, Freons, ethyl acetate, elcohols end hydrocarbons. 

5 Nitrogen and cariion dioxide gases are elso comonpiated as a suHaUa blowing agent. 

Besides the aforementioned compounds, inorganic and organic substances which can be removed 
under reduced pressure by sublimation in a post-production step are also compatible with the instsnt 
invention. These suUimeting compounds cen be dissolved or dispersed as micronized crystals in the spray 
drying feed solution and include mnmonium carbonate and camphor. Other compounds compatible with the 

10 present invention comprise rigidifying solid structures which cen be dispersed in the feed solution or prepved 
in-situ. These structures ere then extrected efter the initial particle generation using, a post-production 
sohrent extrection step. For example, latex particles can be dispersed and subsequently dried with other wall 
forming compounds, followed by extraction with a suitable solvent. 

Although the perforated microsuuctures are preferebly formed using a blowing agent as described 

1 5 above, it will be appreciated that, in some instances, no adcfitional blowing agent is required and an aqueous 
dispersion of the medicement endfor exdpients and surf actantis) are spray dried directly. In such cases, the 
formulation may be amenable to process conditions |e.g., eleveted temperatures) that may lead to the 
formation of hollow, relatively porous microparticles. Moreover, the medicament may possess speda! 
physicochemical properties |e.g., high crystallinity, elevated melting temperature, surface activity, etc.) thet 

20 makes it parttculariy suitable for use in such techniques. 

When a Mowing agent is employed, the degree of porosity and dispersibility of the perforated 
microstructure appears to depend, at least in part, on the nature of the blowing agent, its concentration in 
the feed stock |e.g. as an emulsion), and the spray drying conditions. With respect to controlling porosity and, 
in suspensions, (fispersibility it has surprisingly been found that the use of compounds, heretofore 

25 unappreciated as blowing agents, may provide perforated microstructures having particularly desirable 
characteristics. More particularly, in this novel and unexpected aspect of the present invention it has been 
found that the use of fluorinated compounds having relativeiy high boiling points (i.e. greater than about 
40° C) may be used to produce particulates that are particularly porous. Such perforated microstructures are 
espadaliy suitable for inhalation therapies. In this regard it is possible to use fluorinated or partially 

30 fluorinated blowing agents having boiling poims of greater than about 40''C, 50''C, 60''C, 70°C, 80''C, OO^C 
or even 95°C. Particularly preferred blowing agents have boiling points greater than the boiling point of 
water^ i.e. greater than lOO^C (e.g. perflubron, perfluorodecalin). In addition blowing agents with relatively 
low water solubility ( < 10*^ M) are preferred since they enable the production of stable emulsion dispersions 
with mean weighted particle diameters less than 0.3 ^m. 

-17- 



wo 99/16419 



PCT/US98/20602 



As previously described these blowing egents will preferably be incorporated in en emulsified feed 
stock prior to sprey drying. For the purposes of the present invention this feed stock will siso preferebly 
comprise one or more ective or faioective agentSr one or more surfectsnts or one or more exdpients. Of 
course, combinstions of the eforementioned components ere also within the scope of the invention. While 
high boiling |> lOO^C) fluorinated blowing egents comprise one preferred aspect of the present invention, it 
will be eppredeted that nonfluorinated blowing agents with similar boiling points (> 100*^C| may be used to 
provide perforated microstructures. Exempiery nonfluorinated blowing agents suitable for use in the present 
invention comprise the formida: 

R'-XR^orR*.X 

wherein: R' or R^ is hydrogen, alkyi, alkenyl, alkynl, aromatic, cydic or combinations thereof, X is any group 
containing carboa sulfur, nitrogen, halogens, phosphorus, oxygen and combinations thereof. 

While not limiting the invention in any way it is hypothesized that, as the aqueous feed component 
evaporates during spray drying it leaves a thin crust at the surface of the particle. The resulting particle wall 
or crust formed during the initial moments of spray drying appears to trap eny high bdling blowing agents as 
hundreds of emulsion droplets (ca. 200-300 nm|. As the drying process continues, the pressure inside the 
particulate increases thereby vaporizing at least part of the incorporated blowing agent and fordng it through 
the relatively thin crust. This venting or outgassing apparently leads to the formation of pores or other 
defects in the microstructure. At the same time remaining particulate components (possibly including some 
blowing agent) migrate from the interior to the surface es the particle solidifies. This migration apparently 
slows during the drying process as e result of increased resistance to mass transfer caused by an increased 
internal viscosity. Once the migration ceases the particle solidifies, leaving voids, pores, defa:ts, hoilows, 
spaces, interstitiat spaces, epertures, perforations or hdes. The number of pores or defects, their size, and the 
resulting wall thickness is largely dependent on the fomiulation and/or the nature of the selected blowing 
agent (e.g. boiling point), its concentretion in the emulsion, total solids concentration, and the spray-drying 
conditions. It can be greatly appredated that this type of partide morphology in part contributes to the 
improved powder dispersibiiity, suspension stability and aerodynamics. 

It has been surprisingly found that substantial amounts of these relatively high bdling blowing 
agents may be retained in the resulting spray dried product. That is, spray dried perforated microstructures 
as described herein may comprise as much as 1%, 3%, 5%, 10%, 20%, 30% or even 40% w/w of the blowing 
agent. In such cases, higher production yields were obtained as a result an increased partide density caused 
by residud blowing agent. It will be appredated by those skilled in the art that retained fluorinated blowing 
egent may dter the surface characteristics of the perforated microstructures, thereby mimmizing particle 
aggregation during processing and further increadng disperdon stability. Residual fluorinated blowing agent 
in the particle may dso reduce the cohedve forces between particles by providng a barrier or by ettenuating 
the attractive forces produced during manufacturing le.g., dectrostatics). This reduction in cohedve forces 
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may be particulariy advantageous when using the (fisclosed microstructures in conjunction with dry powder 
inhders. 

Furthermore, the amount of residual blowing agent can be attenuated through the process 
conditions (such as outlet temperature^ blowing agent concentration, or boiling point. If the outlet 
temperature is at or above the boiling point, the blowing agent escapes the partide and the production yield 
decreases. Preferred outlet temperature will generally be operated et 20, 30, 40, 50, 60, 70, 80, 90 or even 
lOO^C less than the blowing egent boiling point. More preferably the temperature (fifferential between the 
outlet temperature end the boiling point will range from 50 to 150^0. It will be eppreciated by those skilled in 
the ert that particle porosity, production yield, electrostatics and dispersibility can be optimized by first 
identif ying the range of process conditions |e.g., outlet temperature! thet are suitabie for the selected active 
agents end/or excipients. The preferred blowing egent can be then chosen using the meximum outlet 
temperature such that the temperature differential with be at least 20 and up to 150^0. In some cases, the 
temperature differential can be outside this range such as, for example, when producing the particulates 
under supercritical conditions or using lyophilization techniques. Those sinlied in the art will further 
appreciate that the preferred concentration of blowing agent can be determined ex|»rimentally without 
undue experimentation using techniques similar to those described in the Examples herein. 

While residual blowing agent may be advantageous in selected embodiments it may be desirable to 
substantially remove any blowing agent from the spray dried product. In this respect, the residual Mowing 
agent can easily be removed with a post-production evaporation step in a vacuum oven. Moreover, such post 
production techniques may be used to provide perforations in the particulates. For exemple, pores may be 
formed by spray drying a bioactive agent and an exdpient that can be removed from the formed particulates 
under a vacuum. 

In any event, typical concentretions of blowing agent in the feed stock are between 2% and 50% 
v/vf, and more preferably between about 10% to 45% v/v. In other embodiments blowing agent 
concentrations will preferably be greater than about 5%, 10%, 15%, 20%, 25% or even 30% v/v. Yet other 
feed stock emulsions may comprise 35%. 40%, 45% or even 50% v/v of the selected high boiling point 
compound. 

In preferred embodiments, another method of identifying the concentration of blowing agent used in 
the feed is to provide it as a ratio of the concentration of the blowing agent to that of the stabilizing 
surfactant (B.g. phosphatidylcholine or PCI in the precursor or feed emulsion. For fiuorocarbon blowing agents 
(e.g. perfluorooctyl bromide), and for the purposes of explanation, this ratio has been termed the PFC/PC 
ratio. More generally, it will be appredated that compatible blowing agents and/or surfactants may be 
substituted for the exemplary compounds without failing outside of the scope of the present invention. In 
any event, the typical PFC/PC ratio will range from about 1 to about 80 and more preferably from about 10 to 
about 50. For preferred embodiments the ratio will generally be greater than about 5, 10, 20, 25, 30, 40 or 
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even 50. In this respect Fig. 1 shows a series of pictures teken of perforated microstructures formed of 
phosphatidylchoiine (PCI using various amounts of perfluorooctyl bromide (PFC), a relatively high boiling point 
fluorocarbon as the blowing agent The PFCfPC ratios are provided under each subset of pictures, i.e. from 
1 A to IF. Formation and imaging conditions are discussed in greater dettril in Examples I end it below. With 
regard to the nvcrographs, the column on the left shows the intact microstructures wliila the column on the 
right illustrates cross-sections of fractured microstructures from the same preparations. 

As may easily be seen in the Fig. 1, the use of higher PFCfPC ratios provides structures of a more 
hollow and porous nature. More particulariy, those methods employing a PFCfPC retio of greater than ebout 
4.8 tended to provide structures that are particularly compatible with the dry power formulations and 
dispersions disclosed herein. Similarly, Fig. 3, a micrograph which will be discussed in more detail in Example 
XII below, illustrates a preferably porous morphology obtained by using higher boiling point blowing agents (in 
this case perfluorodecalin). 

While relatively high boiling point blowing agents comprise one preferred aspect of the instant inventioa it 
will be appreciated that more conventional and tmconvemional Mowing or inflating agents may also be used to 
provide compatible perforated nncrostructures. The blowing egent comprises any volatile substance, which can 
be incorporated into the feed solution for the purpose of producing a perforated foam-like structure in the 
resulting dry microspheres. The blowing egent may be removed during the initial drying process or during a 
post-production step such as vacuum drying or solvent extraction. Statable agents include: 

1. Dissolved low boi&ng Ibelow 100 C| agents nisable with aqueous sdutionSr such as methylene cHoride, 
acetone, ethyi ecetate, end ^cohols used to saturate the solution. 

2. A gas, such as CO2 or H^rOi fiquid such as Freons, CFCs, HFAs, PFCs, HFCs, HFBs, fluoraalkanes, and 
hydrocarbons used at elevated pressure. 

3. Emulsions of immiscibJe low boifing (below 100 C) liquids suitable for use with the present invention ere 
generally of the formula: 

R'-X-R^ or R'-X 

wherein: R' or R^ is hydrogen, alkyl, alkenyl, alkynl, aromatic, cyclic or combinations thereof, X is 
any groups containing carbon, sulfur, nitrogen, halogens, phosphorus, oxygen and combinations 
thereof. . Such liquids include: Freons, CFCs, HFAs, PFCs, HFCs, HFBs, fluoroalkanes, and hydrocarbons. 

4. Dissolved or dspersed salts or organic substances which can be removed under reduced pressure by 
sublimation in a post-production step, such as ammonium salts, camphor, etc. 

5. Dispersed solids which can ba extracted after the initial particle generation using a post-production 
solvent extraction step, such particles include latex, etc. 
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With respect to these lower botOng point inflating agents, they are typjcdiy added to the feed stock in 
quantities of about 1 % to 40% vfv of the surfactant solution. Approximately 1 5K vfv inflating agent has been found 
to produce a spray dried powder that may be used to form the stabilized dispersions of the present invention. 

Regerdless of which blowing agent is ultimately selected, it has been found that compatible 
S perforated microstructures may be produced particularly efficiently using a Biichi mini spray drier (model B- 
191, Switzerland). As will be eppredated by those skilled in the art, the inlet temperature end the outlet 
temperature of the spray drier are not critical but will be of such a level to provide the desired particle size 
and to result in a product that has the desired activity of the medicament. In this regard, the inlet and outlet 
temperatures are adjusted depencfing on the mehing characteristics of the formulation components and the 

10 composition of the feed stock. The inlet temperature may thus be between 60^C and 170*^C, with the outlet 
temperatures of about 40^C to 120^C depending on the composition of the feed and the desired particidate 
characteristics. Preferably these temperatures will be from 90*^0 to 120^C for the inlet and from 60*^0 to 
90^C for the outlet. The flow rate which is used in the spray drying equipment will generally be about 3 ml 
per minute to about 15 ml per minute. The atomizer air flow rate will vary between values of 25 liters per 

1 S minute to about 50 liters per minute. Conmiercialiy evaiabie spray dryers are well known to those in the art and 
suitable settings for any particular dispersion can be readily determined through standard empirical testing, with due 
reference to the exemples that follow. Of course, the conditions may be adjusted so as to preserve biological 
activity in larger molecules such as proteins or peptides. 

Though the perforated microstructures are preferably formed using fluorinated blowing agents in 

20 the form of an emulsion, it w3l be eppredated that nonfluorinated dis may be used to increase the feeding 
capedty of active or bioective agents without compromising the microstructure. In this case, selection of the 
nonfluorinated oil is based upon the sdubiiity of the active or bioactive agent, water solubility, boiling pdnt, 
and flash pdnt. The active or bioactive agent will be dissolved in the dl and subsequently emddfied in the 
feed solution. Preferably the dl will have substantid sdubilization capadty with respect to the selected 

2S agent, low water sdubiiity ( < lO^M), boiling pdnt greater than water and a flash pdnt greater than the 
drying outlet temperature. The addition of surfactants, and co-solvents to the nonfluorinated oil to increase 
^ the sdubilization capadty is also within the scope of the present invention. 

In particulariy preferred embodiments nonfluorinated oils may be used to sdubilize agents or 
bioactive agents that have limited solubility in aqueous compositions. The use of nonfluorinated oils is of 

30 particular use for increasing the loading capacity of sterdds such as bedomethasone dipropionate and 
triamdndone acetomde. Preferably the dl or oil mixture for sdubilizing these clathrate forming steroids will 
have a refractive index between 1.36 and 1.41 (e.g. ethyl butyrate, butyl carbonate, dibutyl ether). In 
addition, process conditions, such as temperature and pressure, may be adjusted in order to boost sdubiiity of 
the sdected agent. It will be eppredated that sdection of an appropriate oil or dl mixtures and procesdng 
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condtions to maxtmizs the loading capacity of an agent are well witMn the purview of a skilled artisan in view 
of the teachings herein and may be accompBshed without undue experimantation. 

Particiiariy prefened embodniients of the present invention comprise spray drying preparations comprising 
a surfactant such as a phosphoBpid and at least one active or bioactive agent in other embotf ments the spray 
5 drying preparation may further comprise an exdpient comprising a hydrophflic moiety such as, for example, a 
carbohydrate 6^ gtucosQ, lactose or starch) m addhion to any selected surfactant, in this regard various starches 
and derivatized starches suitable for use in the present invention. Other optional components may include 
conventional viscosity modifiers, buffers such as phosphate buffers or other conventional biocompatible buffers or 
pH adjusting egents such as adds or bases, and osmotic agents (to provide isotoridty, hyperosmotarity, or 

1 0 hyposmdarity). Exan^es of stitaUe salts indude sodium phosphate (both monobasic and dOiasid, sodium chloride, 
cddisn phosphata caldum cNorida and other physidogicslly acceptable sdts. 

Whatever components ere sdected, the first step in particulate production typicelly comprises feed 
stock preparation. Preferably the sdnted drug is dssdved in weter to produce a concentrated sdution. The 
drug mey also be dispersed directly in the emulsion, psrticdarly in the case of water insoluble egents. 

1 S Alternatively, the drug may be incorporated in the fonn of e sdid particulate dispersion. The concentretion of 
the ective or bioactive agent used is dependent on the amount of agent required in the fine! powder end the 
perfomiance of the delivery device employed (e.g., the fine partida dose for a MDI or DPI). As needei 
cosurfactants such as poloxamer 188 or span 80 may be dispersed into this annex sdution. Additionally, 
exdpients such as sugars and starches can also be added. 

20 in selected embodiments an oil ln-water emulsion is then formed in a separate vessel. The oil 

employed is preferably a fiuorocarbon (e.g., perftuorooctyl bromide, perfiuorodecdin) which is emulsified using 
a surfactant such as a long chain saturated phospholipid. For example, one gram of phospholipid may be 
homogenized in 150 g hot distilled water (e.g., 60^0) using a suitable high shear mechanical mixer (e.g., Ultra- 
Turrax model T-25 mixer) at 8000 rpm for 2 to 5 minutes. Typically 5 to 25 g of fiuorocarbon is added 

25 dropwise to the dispersed surfactant solution while mixing. The resulting perfluorocarbon in water emulsion is 
then processed using a high pressure homogenizer to reduce the partide size. Typically the emulsion is 
processed at 1 2,000 to 18,000 psi, 5 discrete passes and kept at 50 to 80^C. 

The active or bioactive egent solution and perfluorocarbon emulsion are then combined and fed into 
the spray dryer. Typically the two preparations will be miscible as the emulsion will preferably comprise an 

30 aqueous continuous phase. While the bioactive agent is soiubilized separately for the purposes of the instant 
discussion it will be appreciated that, in other embodiments, the active or bioactive agent may be soiubilized 
(or dispersed) directly in the emdsion. in such cases, the active or bioactive emulsion is simply spray dried 
without combirong a separate drug preparation. 

in any event, operating conditions such as inlet and outlet temperature, feed rate, atomization 

35 pressure, flow rate of the drying air, and nozzle configuration can be adjusted in accordance with the 
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manufacturer's gudelines in order to produce the required particle size, and production yield of the resulting 
dry microstructures. Exemplary settings are as follows: an air inlet temperature between 60''C end 170^C; 
an air outlet between 4(rc to 120^C; a feed rate between 3 ml to about 15 ml per minute; and an aspiretion 
air flow of 300 Umin. and an atomization air flow rate between 25 to 50 Umin. The selection of appropriate 
S apparatus and processing comfitions are well within the purview of a skilled artisan in view of the teachings 
herein and may be accomplished without undue experimentetion. In any event the use of these and 
substantially eqiivalent methods provide for the formation of hollow porous aarodynamically light 
microspheres with particle diameters appropriate for eerosol deposition into the lung, microstructures that are 
both hollow end porous, almost honeycombed or foam-Tike in appearance. In espedelly preferred 

1 0 embodiments the perforated microstructures comprise hollow, porous spray dried nucrospheres. 

Along with sprsy drying, perforated microstructures useful in the present invention mey be formed 
by lyophilization. Those skilled in the art w91 appreciate that lyophilization is a freeze-drying process in which 
water is sublimed from the composition after it is frozen. The particular advantage associated with the 
lyophilization process is that bidogicals and phannaceuticals that are reletively unstable in an aqueous 

IS sohition can be dried without elevated temperetures (thereby eliminating the adverse thennal effects), and 
then stored in e dry state where there are few stebility problems. With respect to the Instant invention such 
techidques ere particularly compatible with the incorporetion of peptides, proteins, genetic materiel and other 
natural and synthetic macronolecules in particulates or perforeted microstructures without compromising 
physiological activity. Methods for providing iyophiiized particulates are known to those of skin in the ert end 

20 it would clearly not require undue experimentation to provide dispersion compatible microstructures in 
eccordence with the teachings herein. The lyopMized cake conteining a fine foam-like structure can be 
mioonized using technhiues known in the art to provide 3 to 10/;m sized particles. Accordingly, to the extent 
that lyophilization processes may be used to provide microstructures having the desired porosity end size they 
are conformance with the teachings herein and are expressly contemplated es being witUn the scope of the 

25 instant invention. 

Besides the aforementioned techniques, the perforated microstructures or particles of the present 
invention may elso be formed using a method where e feed solution (either emulsion or aqueous) conteining 
wall forming agents is rapidly added to a reservoir of heated oil (e.g. perflubron or other high boiling PCs) 
under reduced pressure. The water and volatile solvents of the feed solution rapidly boils and are evaporated. 

30 This process provides a perforated structure from the wail fonning agents similar to puffed rice or popcorn. 
Preferably the wall forming agents are insoluble in the heated oil. The resulting partides can then separated 
from the heated oil using a filtering technque and subsequently dried under vacuum. 

Additionally, the perforated microstructures of the present invention may also be formed using a 
double emulsion method. In the double emulsion method the medicament is first dispersed in a polymer 

35 dissolved in an organic solvent le.g. methylene chloride) by sonication or homogenization. This primary 
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emulsion is thsn stabilized by forming a midtiple emulsion in a continuous aqueous phase containing an 
emulsifier such as pdyvinylalcohol. Evaporation or extraction using conventional techniques and apparatus 
then removes the organic solvent. The resulting microspheres ere washei filtered end dried prior to 
combining them vuith an appropriate suspension medium in eccordance vuith the present invention 

Whatever production method is uitimatelv selected for production of the perforated microstructures, 
the resulting powders hsve a nmbm of edvantageous properties that make them particularly compatible for 
use in devices for inhalation therepies. In particular, the physical characteristics of the perforeted 
microstructures make them extremely effective for use in dry powder inhalers end in the formation of 
stabilized dispersions that may ba used in conjunction with metered dose inhalera, nebulizers and liquid dose 
instillation. As such, the perforeted microstructures provide for the effective pidmonery administration of 
bioactive agents. 

In order to maximize dispersibility, iSspersion stability and optinuze distribution upon administration, the 
mean geometric partida size of the perforeted microstructures is preferebfy about 0.5-50 m, more preferably V30 
m. It wffl be eppredated that large particles |i.e. greater than 50 m) may not be preferred in epplications where a 
valve or small orifice is employed, since large partides tend to aggregete or separete from e suspension which 
codd potsntislly dog the device. In espedally preferred embodiments the mean geometric pertide size (or 
diemeter) of the perforated microstnictures is less then 20 m or less than 10 m. More preferably the mean 
geometric (fiameter is less than about 7 m or 5 m, and even more preferably less than about Z5 m. Other (veferred 
embodnnents wll comprise preparations wherein the mean geometric dameter of the perforeted microstructures is 
betvueen about 1 m and 5 m. In espedally preferred embotfiments the perforated microstructures wiO compnse & 
powder of dry. hollow, porous microspherical shells of approximately 1 to 10 m or 1 to 5 m in diameter, with shell 
thidcnesses of approximately 0.1 m to approximateiY 0.5 m. It is a partbdar advantage of the present invention 
that the particuiata concentration of the cfispersions and structural matrix components cen be equated to optimize 
the delivery characteristics of the selected partide size. 

As dluded to throughout the instant spedfication the porosity of the nricrostractures may play a 
significant part is establishing lispersihility (e.g. in DPIs) or dispersion stability (e.g. for MDls or nebuSzers). In this 
respect the mean porosity of the perforated microstructures may be determined through electron microscopy 
coupled vwth modern imaging techniques. More s|»dfically, electron micrographs of representative samples of the 
perforated microstroctures may be obtained and digitaOy analyzed to quantify the porosity of the preparation. Such 
methoddoQv is weO known in the art and may be undertaken without undue experimentation. 

For the purposes of the present invention, the mean porosity (i.e. the percent^e of the partide surface 
erea that is open to the interior and/or a central void) of the perforated microstructures may range from 
approximatdy 0.5% to approximately 80%. In more preferred embodiments, the mean porosity will range from 
approximatdy 2% to approxonatdy 40%. Based on sdected production parameters, the mean porosity may be 
greats than approximately, 2%, 5%, 10%, 15%, 20%, 25% or 30% of the microstructure surface erea. In other 
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emboifmentSp the mean porosty of the rncrostiucturas may be greater than about 40%, 50%» 60%, 70% or even 
80%. As to the pores themsehe$r they typiceliy range in size from ebout 5 nm to ebout 400 nm vuith mean pore 
sizes preferably in the range of from about 20 nm to about 200 nm. In particulariy preferred emboiments the mean 
pore size will be in the range of from about 50 nm to about 100 nm. As may be seen in Rgs. 1A1 to 1F2 and 
5 discussed in more detai below, it is a significant advantage of the present invention thet the pore size and porosity 
mey be dosely controlled by careful selection of the incorporated components and production parameters. 

in this regard the parttde morphology andfor hollow design of the perforated microstructures also plays an 
important rde on the dispersifaility or coheshreness of the dry powder f ormdetions dsdosed herein. Thet is, it Ins 
been surprisingly discovered that the iidierent cohesive character of fine powders can be overcome by lowering the 

10 van der Weak electrostatic sttractive and iiqud bridging forces that typically exist between dry particles. More 
spedficaUy, in concordance with the teachings herein, htproved powder dtspersibirity may be provided by engineering 
the partide morphdogy and density, as wdl as control of hunndty and charge. To thet endt the perforated 
microstructures of the present invention comprise pores, vdds; hdlows^ defects or other interstitid spaces which 
reduce the surface contact area between particles thereby minimizing interpartide forces. In addition, the use of 

IS surfactants such as phosphoSpids and fluorinated blowing agents in eccordence with the teechings herein may 
contribute to improvements in the flow properties of the powdere by tempering the charge end strength of the 
dectrostatic forces as well es mdsture coment 

Most fine powders |e.g. < 5 //m) exhibit poor dispersibDity wNch can be problsnatic when attempting to 
ddiver, aerosdize andlor package the powders. In this respect the major forces which contrd partide interxtions 

20 can typically be cfivided into long end short range forces. Long range forces include gravitationd attractive forces 
and dectrostatics, where the mteraction varies as a square of the separation distance or partide dameter. 
important short range forces for dry powders indude van der Waals interactions, hydrogen bonding and liquid 
bridges. The latter two short rar^e forces differ from the others in that they occur where there is already contact 
between particles. It is e major advantage of the present invention that these attractive forces may be substantidly 

25 attenuated or reduced through the use of perforated microstructures as described herein. 

In an effort to overcome these attractive forces, typical prior ert dry powder formulations for DPIs 
comprise micronized drug partides that are deposited on large carrier particles (e.g., 30 to 90 //ml such as lactose or 
agglomerated mits of pure drug particles or egglomeration of fine lactose particles with pure drug, since they are 
more readily fiuidized than neat drug partides. In addition, the mass of drug required per actuation is typically less 

30 than 100 //g and is thus prohibitivdy too smdl to meter. Hence, the larger lactose partides in prior art formications 
function as toth a carrier particle for aerosdizstion and a bulking agent for metering. The use of large particles in 
these fomidations are employed since powder disperdbiiity end aerosdization effidency improves with increasing 
increasing particle size as a resdt of Mdshed interpartide forees (French. 0.L, Edwards. O.A.. sand Nivea R.W., J. 
Aerosol Sci. 27. 769783, 1996 which is incorporated herein by reference). That is, prior art fonnulations often use 
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particbs or carriers to overcame the prindpb ioices contrdEng dspersibility such as van der Weals forces, 
liqiid bridging and electrostatic attractive forces that exists between particles. 

Those skilied in the art wil appradata that the vm der Weals (VOW) attractive force occurs at short range 
and depend), at bast in part on the surface contact between the interacting particles. When two dry particles 
approach each other the VDW forces increase with en increase in contxt erea. For two dry particles, the magnitude 
of the VOW interaction force, can be calciiated using the following equation: 



where Ms Planck's constant, is the angular frequency, 4 the dstance at which the adhesionai force is at a 
maximum, and r, and are die radii of the two interacting partides. Accordr^ly, it wil) be appreciated that one way 
to minimize the magnitude and strength of the VOW force for dry powders is to decrease the interpartide area of 
contact. It is important to note that the magnitude do is a reflection of this area of contact. The minimal area of 
contact between two opposing boiies wifi occur if the particles btb p^ect spheres. In addtion, the area of contact 
w9i be furth^ nmmnized if the p^des are Nghly porous. Accordngly, the perforated microstructures of the present 
invention act to reduce interparticle contact and conBspondng VOW attractive forces. It is important to note that 
this reduction in VOW forces is lergdy a result of tiie unique partide morphdogy of tite powders of the present 
imrention ratter than an increase in geometric partide diameter. In this regard, it will be appredated that particulady ' 
preferred embodiments of the present invention provide powders having average or small particulates |e.g. mean 
geometric diameter < ]Qfjm) exNfaiting relatively low VDW attractive forces. Conversely, sdid, non-sphericai 
partides such as conventional micronized drugs of the same size will exert greater interpartide forces between them 
and, hence» wOi exhibit poor powder dspersibifity. 

Further, as indicated above, the dectrostatic force affecting powders occurs when either or both of the 
partides are decuically charged. This phenomenon will result with either an attraction or repulsion between 
partides depend ng on tiie similarity or dissimilarity of charge. In the simplest case, the electric charges can be 
described using Coulomb's Law. One way to modulate or decrease the electrostatic forces between particles is if 
ehher or botit partides have non-conducting surfaces. Thus, if the perforated nvcrostructure powders comprise 
exdpients^ surfactants or active agents that are rdativdy non-conducting, then eny charge generated in the partide 
will be unevenly distributed over the surface. As a result the charge halMife of powders comprising non-conducting 
components will be rdathrdy short sixa the retention of elevated charges is dctated by the resistivity of the 
material. Resistive or nonH:onducting components are materials which will neither function as an effident electron 
donor or acceptor. 
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Derjaguin et al. (Muller, Yushchenko, V^, and Deilagua B.V^ J. Cdldd Intarfaca Sd. 1980. 77 J 1 5- 
1 19), wKch is incorporated herein by reference, provide a ist ranking mdecultf groups for their aUity to accept or 
donate an electron. In this regard exemplary groups may be ranked as follows: 

5 Deiion -NH, > -OH > -OR > COOR > -CH, > -CsHs > 

•halogen > COOH > -CO > -CN Accwten 

The present invention provides for the reduction of dectrostatk: effects in the dischised powders though 
the use of relatively non^onductive materials. Using the above rankings, preferred non«onductive materials would 

10 include habgenated andfor bydrogenated components. Materials such as phosphoipids and fiuorinated blowing 
agents (which may be retained to some extent in the spray dried powders) are preferred since they can provide 
resistance to partide charpig. It wil be appreciated that the retention of residual blowing agent (e.g. 
fluorochemnds) in the partides, even at raiativdy tow levels, may hdp mirimiza charging of the perforated 
microstructures as b typicdiy imparted during spray drying and cydone separation. Based on generd dectrostatic 

1 5 prindples and the teachings herein, one skilled in the art wodd be able to identify additiond materids that serve to 
reduce the dectrostatic fbrees of the dsdosed powders without imdue experimemation. Further, if needed, the 
dectrostatic forces can also be marepdated and mirnnized using electrification and charging techmqiss. 

In addition to the surprisng advantages described above, the present invention further provides for the 
attenuation or reduction of hydrogen and fiqukl bomfing. As known to those skiled in the srt both hydrogen bonding 

20 and Eqdd bridging can resdt from moisture that is absorbed by tte powder. In generd, higher humicfities produce 
higher interparticte forces for hydrophific surfaces. This is a substantial problem in prior art pharmaceuticd 
formuiatiQns for inhalation therapies which tend to employ relatively hydrophilic compounds such as lactose. 
However, in accordance vuth the teachings herein, adhesion forces due to adsorted water can be modulated or 
reduced by increasing the hydrophobidty of the contacting surfaces. One skilled In the art can appreciate that an 

25 increase in particie hydrophobidty can be achieved through exdpient selection and/or use a post-production spray 
drying coating technique such as employed using a fiuidized bed. Thus, preferred exdpients indude hydrophobic 
surfactants such as phospholipids, fatty acid soaps and chdesterol. In view of the teachings herein, it is submitted 
that a skilled artisan wodd be able to identify mateiials exhibiting similar desirabie properties without undue 
experimentation. 

30 In accordance with the present invention, methods such as angle of repose or shear index can be used to 

assess the flow properties of dry powders. The angle of repose is defined as the angle formed when a cone of 
powder is poured onto a flat surface. Powders having an angle of repose ranging \rm 45° to 20° are preferred and 
indicate suitable powder flow. More particularly, powders which possess an angle of repose between 33° and 20° 
exhibit relatively low shear forces and are espedafiy usefd in pharmaceutical preparations for use in inhdation 

35 therapies (e.g. OPIs). The shear index, though more time consuming to measure than angle of repose, is considered 
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mofB reliable and sasy to dBtsnnine. ThosB skSbd in the art will apprectata that the axpenntsntal proceduiB outlinad 
by Ainidon and Houghton (6£ Anddoni and M.E. Houghton, Phenn. Manuf., 2, 20, 1985, incorporated herein by 
reference) can ba used estirnate the shear ifidex for the purposes of the present invention. As described in S.Kocova 
and N. Pilpel, J. Pharm. Phannacd. 8, 33-55, 1973, also incorporated herein by reference, the shear index is 
S asthnated from powder parameters such as, yield stress; effective angle of internal friction, tensile strength, and 
specific cohesion, h) the present invention povvders having a shear index less then about 0.98 are desirable^ More 
preferably, powders used in the disclosed compositions; methods and systems vuH have shear nicices less than about 
1.1. In particdaily preferred embodiments the shear index wil be less than about 1.3 or even less than about 1.5. 
Of coiffSB powders having different shear indices may be used provided the result in the effective deposition of the 

10 Bctive or Uoactive agent Bt the site of interest. 

It win also be appreciated that the flow properties of powders have been shown correlate well with bdk 
density measurements. In this regardt conventional prior art tNntdng (C.F. Hanwood, J. Phann. ScL, 60, 161-163, 
1971) held that an hgieasa in bulk density correlates vuitb improved flow properties as predicted by the shear index 
of the meteriel. Conversely, it has surprisingly been found thet, for the perforated nucrostructures of the present 

1 5 inventioa superior flow properties were exhibited by powders having relathrely low bulk densities. That is, the hollow 
porous powders of the present invention exNbited superior flow properties over powders substantially devoid of 
pores. To that anil it has been found that it is possible to provide powders having bulk densities of less than 0.5 
qlcxr? that exhibit particularly favorable flow properties. More surprisingly, it hes been found that it is possible 
to provide perforated microstructure powders hsving bulk densities of less than 0.3 g/cm^ or even less than 

20 about 0.1 g/cm^ that exhibit excellent fhnv properties. The ebSity to produce tow bulk density powders heving 
superior fiowabiity further accentuates the novel and unexpected nature of the present mvention. 

In addition, it will be appreciated that the reduced ettractive forces |e.g. van der Waals, 
electrostatic, hydrogen and liquid bonding, etc.) and excelient flowabiiity provided by the perforated microstructure 
powders make them particulariy useful in preparations for inhalation therapies (e.g. in inhalation devices such as 

25 DPIs, MDIs, nebulizers). Along with the superior flowabiiity, the perforated or porous and/or hollow design of 
the microstructures also piays an important role in the resulting aerosol properties of the powder when 
discharged. This phenomenon holds true for perforated microstructures aerosolized as a suspension, as in the 
case of an MO! or a nebulizer, or delivery of perforated microstructures in dry form as in the case of a DPI. In 
this respect the perforated structure and relatively Kgh surface area of the dispersed microparticles enables them to 

30 be carried along In the flow of gases during inhalation with greater ease for longer distances than non-perforated 
particles of comparable size. 

More particulariy, because of their high porosity, the density of the particles is significantly less than 
1.0 g/cm^ typically less than 0.5 g/cm^ more often on the order of 0.1 g/cm^ and as low as 0.01 g/cml 
Unlike the geometric particle size, the aerodynamic particle size, d^^^ , of the perforated microstructures 

35 depends substantially on the particle density, p : d^„= d^^p, where d^^^ Is the geometric diameter. 
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For 8 particle density of 0.1 g/cm^ d^^^ will be roughly three times smeller than d^^^, leading to increased 

particle deposition into the peripheral regions of the lung and correspondingly less deposition in the throat. In 
this regard, the mean aerodynamic dameter of the perforated microstructures is preferably less than about 5 
more preferably less than about 3 //m, and, in particularly preferred emboifiments, less than about 2 //m. 
5 Such particle distributions will act to increase the deep lung deposition of the bioactive agent whether 
administered using a DPI, MDI or nebtiizer. Further, having a larger geometric diameter than aerodynamic 
(fiameter brings the particles doser to the wall of the alveolus thus increasing the deposition of small 
aerodynamic diameter particles. 

As wnll be shown subsequently in the Examples, the particle size distribution of the aerosol 

10 formulations of the present invention are measurable by conventional techniques such as, for example, 
cascade impaction or by time of flight analytical methods. In adtfition, determination of the emitted dose from 
inhalation devices were done according to the proposed U.S. Pharmacopeia method \Fharmacopeiai Pmkws, 
22(1996) 3065) wNch is incorporated heran by reference. These and related techniques enable the "fine 
particle fraction" of the aerosol, which corresponds to those particulates that are fikely to effectively 

IS deposited in tl» lung, to be calculated. As used herein the phrase "fine particle fraction" refers to the 
percentage of the total amount of active medicament delivered per actuation from the mouthpiece of a DPI, 
MOI or nebulizer onto plates 2-7 of an 8 stage Andersen cascade Impactor. Based on such measurements the 
formulations of the present invention wBI preferably have a fine particle fraction of approximately 20% or 
more by weight of the perforated microstructures IwM more preferably they wiB exhibit a fine particle 

20 fraction of from about 25% to 80% w/w, and even more preferably from about 30 to 70% wfw. In selected 
embodiments tte presem invention will preferably comprise a fine particle fraction of greater than about 
30%, 40%, 50%, 60%, 70% or 80% by weight 

Further, it hes also been found thet the formulations of the present invention exhibit relatively low 
deposition rates, when compared with prior art preparations, on the induction port and onto plates 0 and 1 of 

25 the impactor. Deposition on these components is linked with deposition in the throat in humans. More 
specifically, most commerdally available MOls and DPIs have simulated throat depositions of approximately 
4070% (wfw) of the total dose, while the formulations of the present invemion typically deposit less than 
about 20% wfw. Accordingly, preferred embodiments of the present invention have simulated throat 
depositions of less than about 40%, 35%, 30%, 25%, 20%, 15% or even 10% w/w. Those skilled in the art 

30 will appreciate that significant decrease in throat deposition provided by the present invemion will result in a 
corresponding decrease in associated local side-effects such as throat irritation and candidiasis. 

With respect to the advantageous deposition profile provided by the instant invention it is well 
known that MDI propellants typically force suspended particles out of the device at a Wgh velocity towards 
the back of the throat. Since prior art formulations typically contain a significant percentage of large 

35 particles and/or aggregates, as much as two-thirds or more of the emitted dose may impact the throat. 
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Moreover, the undesirable delivery profile of conventional powder preparations is also exhibited under 
conditions of low particle velocity, as occurs with DPI devices. In general, this proUem is inherent when 
eerosoGzing solid dense, particulates which are subject to aggregation. Yet, as dscussed above, the novel 
and unexpected properties of the stabiGzed dispersions of the present invention result in surprisingly low 

5 throat deposition upon administration from inhalation device such as a DPI, MDI atomizer or nebulizer. 

While not wishing to be bound by any perticuler theory, it appears that the reduced throat 
deposition provided by the instant invention results from decreases in particle aggregation and from the 
hollow andlor porous morphology of the incorporated microstructures. That is, the hollow and porous nature 
of the dispersed microstrwnures slows the velocity of particles in the propellent stream (or gas stream in the 

10 case of DPIs), just as a hollowjporous whiffle ball decelerates fester than a baseball. Thus, rather than 
impacting and sticking to the back of the throat, the relatively slow travriing particles are subject to 
inhalation by the petient. Moreover, the highly porous neture of the particles ellows th propellent within the 
perforated miaostructure to repidly leave and the pertide density to drop before impacting the tfiroet. 
Accordingly, a substantially higher percentage of the administered bioactive agent is deposited in the 

1 5 pulmonery eir pessages where it may be efficiently absorbed. 

With respect to inhetetion therapies, those skilled in the ert will eppredate that the perforated 
microstmcture powders of the present invention are particularly useful in DPIs. Conventional DPISr or dry powder 
inhalers, comprise powdered fbnmilations and devices where e predetemaned dose of meftamem, either done or in 
a blend with lactose cenier paitides, is deSvered as a fine nvst or aerosd of dry powdor for inhdation. The 

20 medicament is fornidated in a way such that it readily disperses into discrete partkles with e aze rege between 0£ 
to 20 The powder is ectuated either by inspiration or by some extemd ddivoy force, sxb as pressurized dr. 
DPI formulations are ty^ncdly packaged in dngle dose units or they employ reservdr systems cspabie of Rietering 
multiple doses with manud transfer of the dose to the device. 

DPIs ere generdiy dasdfied based on the dose defivery system employei In this respect, the two major 

25 types of DPIs comprise unit dose ddivery devices end bulk reservoir delivery systems. As used herdn, the temi 
"reservdr" shdl be used in a generd sense and held to encompass both configurations udess otherwise dictated by 
contextual restrdnts. In any event umt dose ddivery systems reqdre the dose of pow(fer fomidation presented to 
the device as a dngle ml With tNs system, the fonnulation is prefiQed into dosing wdls wiich may be foi packaged 
or presented in blister strips to prevent mdsture ingress. Other urot dose packages indude hard gdatin capsules. 

30 Most unit dose containers designed for DPIs are filled udng a fixed volume technique. As a resdt, there are 
physicd limitations (here density) to the minimal dose that can be metered into a unit package, which is 
dictated by the powder flowability and bulk density. Currently, the range of dry powder that can be filled 
into a unit dose conteiner is in the range of 5 to 15 mg which corresponds to drug loading in the range of 25 
to 500;yg per dose. Conversely, bulk reservdr ddivery systems provide a precise quantity of powder to be 

35 metered upon individual ddivery for up to approximateiy 200 doses. Again like the unit dose systems, the 
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powder is metered usirtg a fixed volume cell or chamber that the powder is filled into. Thus, the densitY of the 
powder is a major factor limiting the minima! dose that can be delivered with this device. Currently bulk 
reservoir type DPIs can meter between 200//g to 20 mg powder per actuation. 

DPIs are designed to be manipulated such that they break open the capsule/bSster or to load bulk 

5 powder during actuation, followed by dispersion from a mouthpiece or actuator due to the patient's 
inspiration. When the prior art fomnulations are actuated from a DPI device the lactosa/drug aggregates are 
aerosolized and the patient inhales the mist of dry powder. During the inhalation process, the canier particles 
encounter shear forces whereby some of the micronized drug particles are separated from the lactose 
particulate surface. It will be appreciated that the drug particles are subsequently carried into the lung. The 

10 large lactose particles impact the threat and upper einivays due to size and inertial force constraints. The 
efficiency of delivery of the drug particles is dictated by their degree of adhesion with the carrier particles 
and thar aerodynamic property. 

Deaggregation can be increased through formulation, process and device design improvements. For 
example fine partide lactose (FPU is often mixed with coarse lactose carriers, wherein the FPL will occupy 

1 5 high^nargy bindng sites on the carrier pertides. This process provides more passive sites for adhesion of the 
micronized drug particles. This tertiary bland with the drug has been shown to provide statistically significant 
increases in fine particle fraction. Other strata^es include speddized process conditions where drug particles 
are mixed witft FPL to produce agglomerated units. In order to further increase particulate deposition, many 
DPIs ere designed to provide deaggregation by passing the dosage form over baffles, or through tortuous 

20 channels that disrupts tiie flow properties. 

The adcfition of FPU agglomeration with FPL and spedaiized device design provides an improvement 
in the deaggregation of formulations, however, the dinically important parameter is the fine partide dose 
received by the patient Though improvements in deaggregation can be provided, a major problem still exists 
with current DPI devices in that there is an increase in respirable dose with an increased inspratory effort. 

25 This is a result of an increased fine particle fraction corresponding to the increased disaggregation of particle 
agglomerates as the airflow increases through the inhaler with increasing inspiratory effort. Consequently 
dosing accuracy is compromised, leading to complications when the devices are used to administer highly 
efficadous drugs to sensitive populations such as children, addescents and the elderly. Moreover, the dosing 
inaccuracy associated with conventional preparations could complicate regulatory approval. 

30 In staric contrast the perforated microstructure powders of the present invention obviate many of the 

difficulties assodated with prior art carrier preparations. That is, an improvement in DPI perfonnance may be 
provided by engineering tiie partide, size, aerodynamics, morphology and density, as wei as control of humidity and 
charge, in this respect the present invention provides fomiuiations wherein the medicament and the indpients 
or bulking agents are preferably assodated with or comprise the perforated microstructures. As set forth 

35 above, preferred compositions according to the present invention typically yidd powders with bulk densities 
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less than 0.1 glcm^ and often less than 0.05 glcml It will be appreciated that providing powders having bulk 
densittes an order of a magnitude bss than conventional DPI formulations allows for much lower doses of the 
selected bioacthre agent to be filled into a unit dose container or metered via nservdr-basad DPIs. The afaiEtv 
to effectively meter smell quantities is of particular importance for low dose steroid long acting 

S bronchodilators and new protein or peptide meificaments proposed for DPI delivery. Moreover, the ebirity to 
effectively deiver particulates vuithout associated carrier particles simplifies product fomiulation, filling and 
reduces undesirable side effects. 

As iscussed above, the hdow porous powders of the present invention exhibit superior flow propertiesr 
es measured by the angle of repose or shear index methods described heraia with respect to equhralent powders 

10 substantially devoid of pores. That isr superior powder flow, which appeers to be a fimction of biik density end 
perlide morphology, b observed where the powdere have a bilk density less then 0.5 g/cm\ Preferably the 
powdere have bdk densities of less then ebout 0.3 g(cm^ 0.1 gfcm^ or even less than about 0.05 g/cml In this 
regardl it is theoriied thet the perforated iricrastructures comprising pores; voids; hoDows; defects or other 
interstitial speoes contribute to powder flow properties by reducing the surface contect area between pertides end 

IS nninimiBng interparticle forces. In addhiori the use of phosphoiipids in preferred embodunents and retention of 
fluorinated blowing agents may also contribute to improve m ents m the fhiw properties of the powdere by tempering 
the cherge and strength of the etectrostatic forces as well es moisture content 

In addition to the aforementioned advantages, the disclosed powders exhibit fevoreble aerodynemic 
properties thet meke them particidariy effective for use in DPIs. More specifically, the perforated strocture 

20 end relatively Ngh surfece aree of the micrapartides enables them to be corned elong in the fkmr of gases during 
inhalation with greoter ease end for longer dotences than relativdy nonferforated pertides of compardile si2B. 
Beceuse of their high porosity and low density, administretion of the perforated microstroctures with a DPI 
provides for incrassed pertide deposition into the peripheral regions of the lung and correspondingly less 
deposition in the throat. Such particle cfistribution acts to increase the deep lung deposition of the 

25 edministered agent which is preferable for systemic administration. Moreover, in a substantial improvement 
over prior art DPI preparations the low-density, higMy porous powders of the present invention preferably 
eliminate the need for carrier particles. Since the large lactose carrier partides will impact the throat end 
upper airways due to their size, the elimination of such particles minimizes throat deposition and any 
associated "gag" effect assodated with conventional DPIs. 

30 Along with their use in a dry powder configuration, it will be appreciated that the perforated 

microstructures of the present invention may be incorporated in a suspension medium to provide stabilized 
dispersions. Among other uses, the stabilized dispersions provide for the effective delivery of bioactive 
agents to the pulmonary air passages of a patient using MDIs, nebulizers or liquid dose instillation (LDI 
techniques). 
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As with the DPI embodimem^r Administntion of a bioactive agent using an MDI, nebulizer or LDI technique 
may be incfcatsd for the trestment of vtM, modeFBte or severe^ acute or chronic symptoms or for prophylactic 
treatment Moreover, the bioactive agent may be administered to treat teal or systemic conditions or disorders. It 
wiD be appreciated that the precise dose administered vd depend on the age and condition of the patient the 
particular medicament used and the frequency of aMnistratioiv end wil ultimately be at the discretion of tie 
attendant physician. When combinations of bioactive agents are emplayed, the dose of eech component of the 
combination wOl genereBy be that employed for each component whan used alone. 

Those skilled in the art wiD appreciate the enhenced stability of the disclosed dispersions or 
suspensions is largely achieved by lowering the van der Waals attractive forces between the suspended 
pertides, and by reducing the iSfferences in density between the suspension medhim and the partictes. In 
accordance with the teacNngs herein, the increases in suspension stability may be imparted by engineering 
perforated microstructures which are then dispersed in a compatible suspension medium. As discussed 
ebove, the perforated microstructures comprise pores, voids, hollows, defects or other interstitial spaces that 
allow the fluid suspension medium to freely permeate or perfuse the particulate boundary. Particularly 
preferred emboAnents comprise perforated microstructures tfiat are both hollow end porous, abnost 
honeycombed or f oam4ike in appeerance. In especially preferred embodiments the perforated microstructures 
compnsB hollow, porous spray (bied microspheres. 

When the perforated microstructures are placed in the suspension medium |i.e. propellent), the 
suspension medium is aUe to permeate the partides, thereby creating a "homodispersion", wha^n both the 
continuous and dispersed phases are indistinguishable. Since the defined or ''virtual*' partides (i.e. comprising 
the vdume circumscribed by the microparticulate matrix) are made up almost entirely of the mscfium in which 
they are suspended, the forces driving perticle aggregation Ifiocculation) are minimized. Additionally, the 
differences in density between the defined particles and the continuous phase are minimized by having the 
microstructures filled with the medium, thereby effectively slowing partide creaming or sedimentetion. As 
such, the perforated microspheres and stabilized suspensions of the present invention are particularly 
compatible with many aerosolization techniques, such as MDI and nebulization. Moreover, the stsbilized 
dispersions may be used in liquid dose instillation applications. 

Typical prior art suspensions le.g. for MOIsl comprise mostly solid partides and small amounts 
|<1% w/w) of surfactant |e.g. ledthin, Span-d5, oleic odd) to increase electrostatic repulsion between 
partides or pdymers to stericdiy decrease partide interaction. In sharp contrast, the suspensions of the 
present invention are designed not to increase repulsion between partides, but rather to decrease the 
attractive forces between partides. The prindpal forces driving flocculation in nonaqueous media are van der 
Waals attractive forces. As discussed above. VDW forces are quantum mechanical in origin, and can be 
visualized as attractions between fluctuating dipoles {i.e. induced dipdeinduced dipole interactions). 
Dispersion forces are extremely short-range and scale as the sixth power of the distance between atoms. 
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When two macroscopic bodies approach one another the dispersion attractions between the atoms sums up. 
The resulting force is of considerably longer range, and depends on the geometry of the interacting bodies. 

More specifically, for two spherical particles, the magnitude of the VDW potential , can be 
approximated by: y '^fff ^i^i where y4,^is the effective Hamaker constant wfech 

S accounts for the nature of the partides and the medium, /fp is the distance between particles, and /{, and 
are the radii of spherical particles 1 and 2. The effective Hamaker constant is proportional to the 
difference in the polarizabilities of the dispersed particles and the suspension medium: 
^ur^ (-yJ^sM " ^^PART y » ^^^^ ^sM '^PART Hamaker constants for the suspension 

mediuin and the parti des, respectively. As the suspended partides and the dispersion medum become similar 
10 in nature, ^4^, and ^4^^,. become doser in magnitude, and and become smaller. That is, by 

reducing the differences between the Hamaker constant associated with suspension medium and the 
Hamaker constant assodated with the dispersed particles, the effective Hamaker constant (and 
corresponding van der Waals attractive forcesi may be reduced. 

One way to minimize the (Sfferences in the Hamaker constants is to create a "homodispersion'*, that 

15 is make both the continuous and ifispersed phases essentially indistinguishable as discussed above. Besides 
exploiting the morphdogy of the particles to reduce the effective Hamaker constant, the components of the 
structural matrix (defining the perforated microstructures) wili preferably be chosen so as to exhibit a 
Hamaker constant relatively dose to that of the selected suspension medium. In this respect, one may use 
the actual values of the Hamaker constants of the suspension medium and the particulate components to 

20 determine the compatibiiity of the dispersion ingredients and provide a good indication as to the stability of 
the preparation. Alternatively, one could select relatively compatible perforated microstructure components 
and suspension mecfiums using characteristic physical values that coindde uvith measurable Hamaker 
constants but are more readily discernible. 

In this respect, it has been found that the refractive index values of many compounds tend to scale 

25 with the corresponding Hamaker constant. Accordingly, easily measurable refractive index values may be 
used to provide a fairiy good indication as to which combination of suspension medium and particle exdpients 
will provide a dispersion having a relatively low effective Hamaker constant and assodated stability. It wili 
be appredated that, since refractive indices of compounds are widely available or easily derived, the use of 
such values allows for the formation of stabilized dispersions in accordance with the present invention 

30 without undue experimentation. For the purpose of illustration only, the refractive indices of several 
compounds compatible with the ifisdosed dispersions are provided in Table I immediately bdow: 

Table I 
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Ethanol 
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ivoctane 


1.397 


DMPC 


1.43 


Pluronic F-68 


1.43 


Sucrose 


1.538 


Hydroxyethylstarch 


1.54 


Socfium chloride 


1.544 



Consistent with the compatible dispersion components set forth above, those sidled in the ert will 
appreciate that the formation of dispersions wherein the components have a refractive index differential of 
less than about 0.5 is preferred. That is, the refractive index of the suspension medium will preferably be 

20 within about 0.5 of the refractive index associated with the perforated partides or microstructures. It will 
further be appreciated that the refractive index of the suspension medium and the particles mey be meesured 
directly or approximated using the refractive indices of the major component in each respective phase. For 
the |»rforated microstructures, the major component may be determined on a weight percent basis. For the 
suspension medium, the major component wilt typiceily be (terived on e volume percentage basis. In selected 

25 embodiments of the present invention the refractive index differential value will preferably be less than about 
0.45. about 0.4, about 0.35 or even less then about 0.3. Given that tower refrective index differentials imply 
greater dspersion stability, particularly preferred embodiments comprise Index differentials of less than about 
0.28. about 0.25, about 0.2, about 0.15 or even less than about 0.1. It is submitted that a skilled artisan will 
be able to determine wt^ch exdpients are particularly compatible without undue experimentation given the 

30 instant disclosure. The ultimate choice of preferred excipients will also be influenced by other factors, 
induding biocompatibility, regulatory status, ease of manufacture, cost. 

As discussed above, the minimization of density differences between the partides and the 
continuous phase is largely dependent on the perforated andlor hdlow nature of the microstructures, such 
that the suspension medum constitutes most of the partide vdume. As used herein, the term "particle 

3S volume" corresponds to the vdume of suspension medium that would be displaced by the incorporated 
hdlowfporous partides if they were sdid, i.e. the vdume defined by the particle boundary. For the purposes 
of explanation, and as discussed above, these fluid filled particdate vdumes may be referred to as "virtud 
partides." Preferably, the average vdume of the bioactive agent/exdpient shdl or matrix (i.e. the vdume of 
medum actudly displaced by the perforated microstructurel comprises less than 70% of the average partide 

40 vdume (or less than 70% of the virtud partide). More preferably, the volume of the microparticdate matrix 
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comprises less than about 50%, 40%, 30% or even 20% of the average particle volume. Even more 
preferably, the average volume of the shelllmatrix comprises less than about 10%, 5%, 3% or 1% of the 
averege particle volume. Those sUled in the art will appreciete that, such a matrix or shell volumes typicaHy 
contributes little to the virtual pertide density which is oveiwhebningly dictated by the suspension medium 
5 found therein. Of course, in selected embodiments the exdpients used to fomi the perforated microsuucture 
mey be chosen so the density of the resulting matrix or shell approximates the density of the surrounding 
suspension medium. 

It wiH further be appreciated that, the use of such microstructures vriB allow the apparent density 
of the virtual particles to approach that of the suspension medium substantidiy eliminating the attractive van 

10 der Weals forces. Moreover, as previously discussed the components of the microparticulate matrix are 
preferably selected, as much as possible given other considerations, to approximate the density of suspension 
medium. Accordingly, in preferred embodiments of the present inventioiv the virtual partides and the 
suspension medium wiU heve a density differentid of less than about 0.6 g/cml That is, the meen dendty of 
the virtud partides (as defined by the matrix boundaryl w91 be within approximatdy 0.6 glcm^ of the 

1 5 suspendon medium. More preferably, the mean dendty of the virtud particles will be within 0.5, 0.4, 0.3 or 
0.2 gW of the selected suspendon medium. In even more preferable embodiments the dendty differentid 
wBI be less then ebout 0.1, 0.05, 0.01, or even less than 0.005 gfcml 

In addition to the aforementioned advantages, the use of hollow, porous partides allows for the 
formetion of free-flowing disperdons compridng much higher vdume frections of particles in suspendon. It 

20 should be appredeted that, the formulation of prior art (fispersions st vdume fractions approaching dose- 
packing generelly results in dramatic increases in cfisperdon viscodastic behavior. Rhedogical behavior of 
this type is not appropriate for MDI applications. Those skilled in the art will appreciate that, the vdume 
fraction of the particles may be defined as the ratio of the apparent vdume of the partides (i.e. the particle 
vdume) to the totd volume of the system. Each system has a maximum vdume fraction or packing fraction. 

25 For example, particles in a dmple cubic arrangement reach a maximum packing fraction of 0.52 while those in 
a face centered cubic/hexagond dose packed configuration reach a maximum packing fraction of 
approximately 0.74. For non-spherical partides or pdydisperse systems, the derived values are different. 
Accordngly, the maximum packing fraction is often considered to be an empiricd parameter for a given 
system. 

30 Here, it was surprisingly found that the porous structures of the present invention do not exhibit 

undesirable viscoelastic behavior even at high vdume fractions, approaching dose packing. To the contrary, 
they remdn as free flowing, low viscosity suspendons having little or no yidd stress when compared with 
analogous suspendons comprising sdid particulates. The low viscosity of the dsdosed suspensions Is 
thought to be due, et least in large part, to the rdativdy low van der Wads attraction between the ftuid-fiiled 

3 S hdlow, porous particles. As such, in sdected embodiments the volume fraction of the disdosed disperdons is 
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greater than approximately 0.3. Other embodiments may have packing values on the order of 0.3 to about 
0.5 or on the order of 0.5 to about 0.8, with the higher values approaching a dose packing condition. 
Moreover, as partide sedimentation tends to naturailY decrease when the volume fraction approaches dose 
packing, the formation of relathrely concentrated dispersions may further increase formulation stabHity. 

5 AlthoiQh the methods and compositions of the present invention may be used to form relathrely 

concentrated suspenaons, the stabilizing factors work equaOy wdl at much lower packing vdumes and stjch 
dispersions are contonplated as being within the scope of the instant disclosure, in this regardr it will be 
appredated that, disperdons comprising tow vdume fractions are extremdy difficult to stafaiBza udng prior 
art techniques. Comrersdy, dispersions incorporating perforated microstructures compridng a bioactive 

10 agent as described berdn am particularly stable even at low vdume fractions. Accordingly, the present 
invention diows for stabilized cEsperdons, and particdatiy respiratory disperdons, to be formed and used at 
vdume fractions less than 0 J. In some preferred embodiments, the vdume frvtion is approximatdy 0.0001 
• 0.3, more preferably 0.0O1 - 0.01. Yet other preferred embedments comprise stadBzed suspendons having 
vdume fractions from approximatdy 0.01 to approximatdy 0.1 . 

15 The perforated microstructures of the present invention may also be used to stabilize dilute 

suspensions of microrized bioactive egents. In such embodiments the perforated microstructures msy be 
added to increase the vdume fraction of partides in the suspendoRr thereby increadng suspendon stability to 
creaming or sadnnentation. Furtiier, in these embodiments the incorporated microstructures may dso act in 
prevantmg dose approach (aggregetion) of the micronized drug pertides. It shodd be appiedated that the 

20 perforated nucrostructures incorporated in such embodiments do not necesserily comprise e bioactive agent. 
Rather, they mey be formed exdudvdy of various exdpients, induding surfactants. 

Those dolled in tiie art will further appredate that the steUiized suspendons or disperdons of the 
present invention may be prepered by dspersd of the microstructures in ti)e selected suspendon medum 
which mey then be placed in a contdner or reservdr. In this regard, tiie stsbilized preparations of the present 

25 invention can be mode by simply combining the components in sufficient ipiantity to produce the find dedred 
disperson concentration. Although the miaostructures reedily disperse without mechanicd energy, the 
application of mechadcai energy to eid in disperdon (e.g. with the aid of sonication) is contemplatei 
particularly for the formation of stable emulsions or reveree emulsions. Altemativdy, the components may be 
mixed by ample shaking or other type of agitation. The process is preferably carried out under anhydrous 

30 conifitions to obviate any adverse effects of mdsture on suspendon stability. Once fanned, tiie dispersion has 
a reduced susceptibility to floccujation and sedimentation. 

As indicated throughout the instant specification, the dispersions of the present invention are preferably 
stabilized. In a broad sense, the terni "stabilized dispersion" will be hdd to mean any dispersion that resists 
aggregation, floccuiation or creaming to the extent required to provide for the effective dejivery of a bioactive agait. 

3 5 WNIe those skilled in the art will appreciate that there ere several methods that may be used to assess the stability 
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of a given dspersioa a preferred method for the purposes of the present invention comprises (^termination of 
creaming or sedmentation time using a dynamic photosedimentation methoi As seen in Example IX and Figure 2, e 
preferred method comprises subjecting suspended partides to a centrifugal force and measuring absorbance of 
the suspension es a function of time. A rapid decrease in the absorbance identifies a suspension with poor 
5 stabOity. It is submitted that those skilled in the ert will be able to adapt the procedure to specific 
suspensions without undue experimentation. 

For the purposes of the present invention the creaming time shal be defined as the time for the suspended 
drug particulatBs to cream to 112 the vdtina of the suspension medium. SimOariy, the sedimentation time may be 
defined as the time it takes for the particulates to seifiment in 112 the volume of the fiquid medtin. Besides the 

10 ptiotosedimentation techmiUB described above; a lelativeiy smpie way to determine the creaming tiine of a 
preparation is to provide the particulate suspension in a sealed glass vial. The viab are a^ptated or shaken to provide 
relathreiy homogeneous cf spersions which are then set eside and observed using appropriate instrumentation or by 
visual inspection. The time necessary for the suspended particiiates to cream to 1 /2 the volume of the suspension 
meiiin 6.0., to rise to the top half d the suspension medhiml, or to sedimemvw^ settle in 

IS the bottom 112 of the medhsiil, is tlien noted. Suspensnin formulations having a creaming tine greater than 1 mmute 
ere preferred and inifcate siitafale statuBty. More preferably, the stabiEzad dspersions comprise creaming times of 
greater than 1, 2* 5, 10, 15, 20 or 30 minutes. In particulariy prefened embodbnents, the stafaSzed dispersions 
exhibit aeambig times of greater than about 1, 1.5, Z 2.5, or 3 hours. SubstantiaOy equhralent periods for 
ssd mentation times are indcativa of compatible dispersions. 

20 As dmtssed herein, the staln&ed dispersfams discbsed herein may preferably be administered to the nasal 

or pdmonary eir passages of a patient via aerosdization, such as with a metered dose inhaler. The use of such 
stebSzed preparations provides for superior dose lepraducibility and improved lung deposition as described above. 
MDIs are well known in the art and could easily be employed for edministration of the dabned dispersions without 
undue experimentation. Breath activated MOls, as wen es those comprising other types of improvements which 

25 have beea or wiB bei developed are also compatible with the stabilized dispersions and present invention end es 
such, ere cmtemplBted es being with in the scope thereof. However, it should be emphasized that in preferred 
embodiments, the stabiized dspersions may be admmistered with en MDI using a numb^ of dfferent routes 
indudng, but not Emited to, topical nasal pulmonary or oral Those skilled in the art wiD appreciate that, such routes 
ere weN known and that the dosing and edmiristration procedures may be easily derived for the stabiized dspersions 

30 of the present invention. 

MDI cffiiisters generally comprise s container or reservoir cap^ of withstanding the vapor pressure of 
the prapeltant used such as, a plastic or plastic*coated glass bottle, or preferably, a metal can or, for example, an 
aluminim can which may optionally be anodzed, lacquer*coated and/or plastic-coated, wherein the container is 
closed with a metering valve. The metering valves are designed to deliver a metered amount of the formulation per 

3S actuation. The valves incorporate e gasket to prevent leakage of propellant through the valve. The gesket may 
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cmnprise any siitaUe elastomeric material such as, for example, low density pdyethvlene^ cHorobutyl, Uack and 
white butaifene-acrylonitfBe nUbm, butyl rubber and neoprene. SutaUe valves ere commerdaly avaiablB from 
manufacturers wel known in the aBrosol mdustry, for example, from Valoi^ France (04 DRO, DF30, OF 31/SO ACT, 
DF60). Bespak pk; LTK (04 BK30a BK3S6) and 3M*N80technic Ltd. UK le.g. Spraymiser). 
S Each filled cenister is conveniently fitted imo e siitaUa channeling device or actuator prior to use to frmn a 

metered dose inhaler for administration of the medcement into the kings or nasal cavity of a patient. SutaUe 
channabig devices compnse for example a valve actuator and a cyindricai or coneTike passage through which 
meifcement may be defivered from the filled caraster via the metering vehfa^ to the nose or mouth of e patient &g., a 
mouthpieca actuator. Metered dose inhalers are designed to delhrer a fixed unit dosage of meif cement per ectuation 

10 such a), for example, in the range of 10 to 5000 micrograms of bioective egent per ectuation. Typically, a single 
cherged canister will provide frir tens or evKi hundreds of shots or doses. 

With respect to MDIs, it is en advamage of the present invention that any biocompatiile suspension 
metf im having adequate vapor pressure to act as a propellant may be used. Particulariy preferred suspension mode 
ere competiUe whh use in e metered dose inhaler. That is, they wiH be eUe to fom eerosols upon the activation of 

IS the metering valve end associated releese of pressure. In general, the selected suspension medium should be 
biocompatibie 0.e. reietivdy non-toxici end non^eactivB whh respect to the susperiiled perforated nicrostructures 
comprising the bioactive agent. Preterebly, the suspension medum will not act as e substantial solvent fr>r eny 
components incorporeted in the perforated microspheres. Selected embodiments of the invention comprise 
suspension meda sdected from the group consisting of fluorocsriions (indudng those substituted vuith other 

20 halogens), hydrofhioroalkanes; perfluorocertions, hydrocarbons, akrohds, ethers or combinations thereof. It will be 
appredated that the suspenaon medum may comprise e mixture of venous compounds sdected to impart spedfic 
characteristics. 

Particdarly sutade propeUants for use in the MDI suspenaon mediums of the present invention are those 
propeflant gases that can be liquefied under pressure et room temperature and, upon inhdation or topicd use, ere 

25 safe, toxicologically innocuous and free of side effects. In this regard, compatible propellants may comprise any 
hydrocarbon, fluorocarbon, hydrogen-contdning fluorocarbon or mixtures thereof having a suffident vapor 
pressure to effictently form aerosols upon activation of a metered dose inhder. Those propellants typicdiy 
termed hydrofiuoroalkanes or HFAs are espeddly compatible. Suitable propdiants indude, for example, short 
chain hydrocorbons. Cm hydrogen-containing chlorofluorocarbons such as CHjCIF, CCIzFjCHClF, CFjCHClF. 

30 CHF2CCIF2, CHCIFCHF2, CF3CH2CI, and CCIF2CH3; C,4 hydrogen-contdning fluorocarbons (e.g. HFAs) such as 
CHF2CHF2, CF3CH2F, CHFjCHs, and CF3CHFCF3; and perfluorocarbons such as CF^CF, and CF3CF2CF3. 
Preferably, a single perfluorocerbon or hydrogen-containing fluorocarbon is employed as the propellant. 
Particulerly preferred as propellants ere 1,1,1,2-tetrafluoreethane (CF3CH2R (HFA-134a| and 1,1,1,2,3,3,3- 
heptafluoro-n-propane (CFaCHFCFj) IHFA-2271, perfluoroethane, monocNorodifluoromethane, l^l-dfluoroethane, 

35 and combinations thereof. It is dearable that the fomiulations contdn no components that deplete 
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stratospheric ozone. In particular it Is desirable thet the formulations are substantially free of 
cMorofluorocarbons such as CCIjF, CCl2F2r and CF3CCI3. 

Specific fluofocarfaons; or dassas of fluorinated compounds, that are useful in the suspension meda 
inchids, but are not EmHed ta fluoroheptane, fluorocydoheptene, fluoronwthylcydoheptanq, fluorohexaner 
S ftiorocydohexaner fluoropentener fluorocydopentane^ fluoromethykydopentane, fluondmethylcydopentane;, 
fhraromethyicydobutane^ iiuorodimethylcydobutBner fkrarotrimethykydobutane, fluorobutane, fluorocydobutana^ 
fluoropropanB, fluoroather^ fluoropdyethers and iborotiiethylamines. It will be eppredatad that, these compounds 
maybetiseddoneorincombniathmwithnHirevdatibpropsHan^ It is a distinct advantage that such compounds 
are generaly environmentely sound and hidogicdiy nonfaactive. 

10 In addition to the aforementioned fluorocarbons and hydrofluorodkanes, various 

cMorofluorocarbons and substituted fluorinated compounds may also be used as suspension mediums in 
Bccordence with the teachings herein. In tMs respect, FC11 (CCL3FI, FC HB1 |CBrCI2R, FC HB2 
|CBr2Cia FC12B2 (CF2Br2), FC21 ICHCI2FI, FC21B1 ICHBrCIFI, FC-21B2 (CHBr2n, FC 31B1 (CH2BrFh 
FC113A (CCI3CF3I, FC-122 ICCIF2CHCI2I, FC123 ICF3CHCI2K FC-132 (CHCIFCHCia FC133 ICHC1FCHF2L 

15 FC-141 (CH2CICHCia FC-141B ICCI2FCH3I, FC-142 (CHF2CH2CI), FC-151 (CH2FCH2CII, FC.152 
ICH2FCH2FI, FC-1112 (CCIF-CCIR, FC1121 |CHCI-CFCi| and FC H31 (CHCI-CHn are aO compatible with 
the teechings herein despite posdble ettendant environmental concerns. As such, each of these compounds 
may be used, dons or in combmation with other compounds (i.e. less vdatile fluorocarbonsi to form the 
stsbflized respiratory ifisperdons of the present invention. 

20 Along with the aforementioned embodiments, the stabilized dispersions of the present invention may 

also be used in conjunction with nebufizers to provide en aerosolized medicement that may be edministered to 
the pulmonary air passages of a patient in need thereof. NebiJizers are weQ known in the art and could easily be 
employed for adminstration of the darned dspersions without undue experimaitation. Breath activated nebulizers, 
as well as those comprising other types of improvements which have been, or will be, developed are also compatible 

25 with the stabiized d spersirms and present invention and are cont»nplated as being with in the xope thereof. 

Nebdizers work by forming aerosols, that is converting a bulk liquid into smaO droplets suspended in a 
breathable gas. Here, the aerosdized medcament to be administered (preferably to the puknonary air passages) wiQ 
comprise small droplets of suspension medium assodated with perforated microstructures ctmiprising a bioactive 
agent. In such embmfiments, the stabSized dispersions of the present invention wil typic^ly be placed in a fluid 

30 reservoir operably assodated with a nebulizer. The spedfic vdunes of preparation provided, means of filling the 
reservdr, etc., wiB largdy be depoident m the selection of the indvidual nebulizer and is wdl within the purview of 
the skilled artisan. Of course, the present invention is entirely compatible with dngie-dose nebdizers and mdtipie 
dose nebulizers. 

Tradtiond prior art nebdizer preparations typically comprise aqueous solutions of the selected 
35 phannaceuticd compound. With such prior art nebulizer preperations, it has long been established that corruption of 
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the incorporated therapeutic compound can severely reduce efficacy. For example, with conventional aqueous multi- 
dose nebulizer pieparationSr bacterifli contaminetion is a constant problem. In addition, the sohibiEzed medcament 
mey predpitete out or degrade over tima^ adversely affecting the delivery profile. This is particulariy true of larger, 
more laUe faiopdymers such as enzymes or other types of proteins. Precipitation of the incorporated hioactive agent 
5 may had to partide growth that results ni a substnitid reduction in luig penetration and a corresponding decraase in 
bioavaOabifty. Such dosing incongruities markedly decrease the effectiveness of any treatment 

The present invention overcomes these and other difficulties by providing stddized dispersions with 
e suspension medium that preferably comprises a fluorinated compound (i.e. a fluorochemical, fluorocarfaon or 
parfluorocarbon). Pertictdariy preferred embodiments of the present invention comprise fluorochenucels that are 

1 0 liqtid at room temperature. As imficated above, the use of such compounds, whether as a cmtinuous lihase or, as 
a suspension medun, provides saverd advantages over prior art iiqud inhdation preparations. In this regard, it b 
wdl estabfished that many fiuorochemicds have e proven history of sefety and biocompatibiKty in the lung. Further, 
in contrast to aqueous sdutions, fluorochenncds do not negathniy impact gas exchange foBowing putmonary 
acMnistration. To the contrary, they mey actudly be eble to improve gas exchange- end, due to their unique 

IS wettability characteristicsr are able to cany an aerosoized stream of partides deeper into the lung, thereby 
improving systemic deSvery of the desired phaimacauticd compound. In addtion, the rdativdy non*reactiv8 nature 
of fhiorochemicds acts to retard any degradation of an tncorporeted bioective egent Findly, meny fiuorochemicds 
are dso bacteriostatic thereby decrseang the potentid for microbid growth in competiUe nebulizer devices. 

In any event nebulizer mediated aerosolizetion typically requires an iiqiut of energy m order to produce the 

20 increased surface area of the droplets end, bi some cases, to provide transportation of the atomized or aerosdized 
medcement One common mode of aerosoizstion is fordng a stream of fiuid to be ejected from a nozzle, whereby 
droplets are foimed. With respect to nebulized admmistratioa addtiond energy is usuefiy imparted to provide 
droplets that vuil be suffidentty small to be trensported deep into the Imgs. Thus, additiond energy is needed, such 
as that provided by a high vdocity gas stream or a {sezoelectric crystd. Two popular types of nebulizers, jet 

25 nebdizers end dtrasonic nebdizers, rdy on the aforementioned methods of epplying addtiond energy to the fluid 
diffing etomization. 

In temis of pdmonary ddivery of bioactive agents to the systemic drculation via nebdization, recent 
research has focused on the use of portable hand-hdd dtrasonic nebulizers, dso referred to as metered sdutions. 
These devices, generally known as singie-bdus nebdizers, aerosolize a single bolus of medcation in an aqueous 

30 sdution vyith a partide size efficient for deep lung ddivery in one or two breaths. These devices fel into three broad ^ 
categories. The first category comprises pure piezodectric single-bdus nebdizers such as those described by 
Mutteridn, et d., (J. Aerosd Mel 1988; 1:231). tn another category, the desired eerosd doud may be generated 
by microchannd extrusiwi single-bdus nebdizers such as those described in U.S. Pat. No. 3,812,854. finally, a third 
category comprises devices exemplifiBd by Robertson, et. d. (WO 92111050) which describes cydic pressurization 

3 5 sngle-bdus nebuKzera. Each of the aforementioned references is incorporated herein in thar entirety. Most devices 
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are manualy actuated but some davtcas exist which are breath actuated. Breath actuated dawces work by 
reiaaang aerosol when the device senses the patient inhaling through a circuit. Breath actuated nefatJizers may also 
be placed inline on a ventilator dicut to release aerosd into the air flow which comprises the inspiration gases for a 
patient. 

S Regardtess of which type of nebulizer is employed it is oi advantage of the present invention that 

iBocompatible nonaqueous compounds may be used es suspension mecfiums. Preferably, they will ba aUa to fomi 
aerosols upon the appiicathm of energy thaiato. In general, the selected suspensnm medun shotrid ba biKompatiUe 
(ije. relatively non-toxfaj and nonmcthre with respect to the suspended perforated nncrostructues comprising the 
bioacthfe egenl Preferred embodbnents comprise suspension medra selected from the group consisting of 

10 fluorochenvcals; fluorocarbons finduding those substituted vuith other hdogens), perfhiorocartwns; 
fkiorocarbonlhydrocarbon dUocks; hydrocarbons; dcohob^ ethers; or combinations thereof. It w3 be appradated 
that the suspensnn meifiin may comprise a mixture of various compounds sekcted to inpart specific 
characteristics. It wil also be appredeted that the perforeted microstructures are preferably insohdila in the 
suspension medium, thereby providing for stabilized fnadcament pertides; aiul effectwdy protectnig a sdected 

1 S bioactive agent from degradation, es might occur during prdonged storage fai en aqueous sdution. In preferred 
. embodbnents; the sehcted suspension medium is bacteriostatic. The suspension fonntlation also protects the 
h'oactiva agent from degradation during the nebuEzation process. 

As nidi cated above, the suspension medn may comprise any one of a number of dfferent compounds 
indudng hydrocarbons, fluorocarbons or bydracarbonffluorocertaon dUocks. In generel the contemptated 

20 hydracartions or highly fluorinatad or perfluorinatad compounds may be Enear, branched or cydic, saturated or 
unsaturated compounds. Conventionat structurd derivatives of these fluorochemicals and hydrocarbons are dso 
contemptated as bang within the scope of the present mvention as well. Sdected embodments comprisng these 
totdly or partiaSy fluorinatad compounds may contain one or more hetero-atoms andlor atoms of bnvmne or chlorine. 
Preferably, tiiese fluorochemicals comprise from 2 to 18 cari)on atoms and indude, but are not fimited to, Gnear, 

25 cyclic or pdycydic perfluorodkane^ bidperfluorodkyDdkenes, perfluoroetiiers, perfluoroamines, perfluorodkyi 
bromides and perfiuoroalkyi chlorides such as dcMorooctane. Particdariy preferred fiuorirmted compounds for use in 
the suspension medium may comprise perfluorooctyt bromide CeF,7Br (PFOB or perflubron), dchloroiiuoroKtane 
CsFisCt:, and the hydrofluorodkane perfiuorooctyl ethane CbF,7C2H5 (PFOE). With respect to other embodments, the 
use of perfluorohexene or perfluoropentane as the suspension medum is espeddly preferred. 

30 More generdly, exemplary fluorochamicds wNdi are contemplated for use in the present invention 

generdly indude hdcgenated fluorochemicds 6.c CJr^^yX, KJFjJ{, where n - 2-10. X - Br, CI or II and in 
particular, l-bromo-F-butane n-C4F9Br, 1-bromo-F-hexane In-CjFiaBrl, Vbrmno-F-heptene (n-CyFtgBr), 1,4-tfibromo-F- 
butane and l,6*dibromD-F-hexane. Other useful brominated fluorochemicals are dsdosed in US Patent No. 
3,975,512 to Long and are incorporated herdn by reference. Spediic fluorochemicds having chloride substituents, 
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such as perfluorooctyl cHoride In-CtFijCQ, I^B-dicMoro-F-octanB (ivCIC,F,gCI), 1,6-dicHoro-P-hexane (1VCIC6F12CII, and 
1, A-iEcHoro-Mnitana (n^ilCiF^I) are also profaned. 

Fhuvocarbons; ikioncarbDivbydracarinn campaunds and haloganated flueracheinicals contsritig athsr 
Kidcage groups; such as esten; tNaathers and amines are alsa siitabb for use as suspensian madia in the present 
5 inventian. For instance; compounds having the general fonmi^ CaF^i^iOC^FaB^ir or CaF2iHiCH"CHCaiF2n*if (as for 
exan^B C4F,CH-CHC4F, IfAKl i-C»F9CH-CHC,F|, |F-i36EL and CeF,3CH-CHC,F„(F^E)) where n and m are the 
sameordifhremandnandmareintegerafnimebout2toaboml2arecompatiUamthtea^ Useful 
fluarachanncfll-hvdracarbon diUock and triUock compounds include these with the general foroiulas CgF^i^i-CiaHaii^i 
and Cfi^fiJA2»u where n - 2-1Z' m - 2-16 or C^.\'CJr^'CJH2m*u where p • M2, m - M2 and n - 2-12. 

10 Preferred compounds of this type inchide ZJF^fijii^ ^tf\fi\J^i ^^ifiJ^n, CsFijCH-CHCeHn end 
C|F„CH-CHC,oH2,. Substituted ethers orpdyetherefi.e.XC^2,CU;/3^XCFOC^^ 
- Br, CI or U end flmmhemical-hydhicartion ether dUocks or triUocks (i ^ Cf2i>*v^^\f where n - 2*1Q; m - 
2-16 or CpH2|i.rO'CoF2n-OC;HteO' where p - 2-1Z. m - 1-12 and n - 2*121 may also used as well as CJFin^fi- 
C^Fj^CpHzp^t. wherein a m and p are from M2. Furdiomore. dependng on the eppEcatioa perfhioroalkylated 

IS ethers or polyethers may be competSile with the claimed dispersioni 

Polycydic and cyclic fluorochenacais, such as C,oF,s (F-decaSn or perfluorodecalini, 
parfjuBroperbydrophenanthrenBr perfhiorotetramathylcyctohexana (AP-144) and perftuoro n-butyUecafin are also 
within the scope of the invention. Addtional usefid fluorochenricals include periluoiineted amines, such as F- 
tiiprepylamine rFTPAl end F-tributylamine TFTBA"). F-4-meti}ylactahydroqunoi2ine rFMOQT F#methyl- 

20 decahydroisoquinoline rFMIQl, F-N-methyldecahydrocpiindine rFHOl F#cyclohexylpyrrotdine TFCHPI and F2- 
butvltetrd)ydrofurenrFC-75'or "FC-TTI. Still other useful fluormated compounds indude perfhiorqihenenthrane. 
perfluoromethyldecaiia perfluorodimethyiethyicyckihexane, perfiuorodimBthyldecalin, perfluorodiethyldecafin, 
perfluoromethyladamantane, perfluorodimethyladamantane. Other contemplated fiuorocheinicals having nonfluorine 
substituentSr such as, perfh/o^ooctyl hydride, and similar compounds having dfferent nunbers of carbon atoms ere 

25 also useful. Those skiDed in the ert wiB further appreciate that other variously modified fluorochemicats are 
encompassed within the broad definition of fluorocherrBcai as used in the instant application and suitable for use in 
the present invention. As suciv each of the foregoing compounds may be used, elone or in combination with other 
compounds to form the stabifized dspersions of the present invmtion. 

Specific fluorocarbonSr or classes of fiuorinated compounds, that may be useful as suspension meda 

30 indude, but are not limited to, fiuoroheptane, ftuorocydoheptane fjuoromethylcydoheptane, fluorohexmie, 
fluorxydohexane, fiuoropentane, fluorocydopentane, fluoromethylcydopentane, fiuorodmethylcyclopentanes, 
fluoromcthylcydobutane, fluorodtmethylcydobutane, fluorotrimethyicyclobutane, fiuorobutane, fiuorocydobutane, 
fluoropropane, fluoroethers, fiuoropdyethers and fluorotriethylemines. Such compounds ere generally 
environmenteliy sound and are bidogically non-reactive. 
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WhBe any fluid compound capable of producing an aerosol upon the application of energy may be used in 
conjunction with the present invention^ the selected suspension medium will preferably have a vapor pressure less 
than abotit 5 atmospheres and more preferably less then about 2 atmospheres. Unless othenMse specified al vapor 
pressures recited herein are measured at 25^C. In other embodbnenta^ preferred suspension medlB compounds will 
S have vapor pressures on the order of ebout 6 torr to ebout 7B0 ton', with more prefereble compounds having vepor 
pressures on the order of from about 8 torr to about 600 torr, whle stiD more preferable compoinds will have vapor 
pressures on the order of from about 10 torr to about 350 torr. Such siBpmsionmatia may be used in conjunction 
with compressed eir nebfizers; ultrasonic nebuizere or with mechanical atonrizere to provide effKtive ventilation 
thempy. Moreover, more volatile compounds may be mixed with lower vapor pressure components to provide 

10 suspension media having specified physical charecteristics salectad to further niprove stabiity or enhance the 
Uoavflflahiity of the dispersed Uoacthn agent 

Other embodnnems of the present mvantion directed to nebulizers wi comprise sus|»nsion mode that boil 
at selected temperatures under ambient condhions 6.B. 1 atml. For exemple; preferred embodiments wit comprise 
suspension meda compounds that boH above O'^C, above S'C, above 10°C, ebove 1&^ or ebove 20*^C. In other 

1 5 emboAnentSr the suspension media compound may bol at or above 25*'C or et or above SO^'C. In yet other 
embofimentSr the selected suspension media compound may boil at or above humen body temperature U. 37^01 
above AS^'C, SS^'C, 65"^ 75"a 85»C or above 100<>C. 

Along with MDIs and nebiiizer;, it win be appreciated that the staUized dispersions of the present 
invention may be used in coipiction with Eqimi dose instBatim or LDI techniques. Liquid dose instilation involves 

20 the direct administration of a stabiSzed dispersion to the lung. In tiis regard, direct pulmonary administration of 
bioactive compounds is particilarly effective in the treatment of dsorders especially where poor vascular drculation 
of dseased portions of a lung reduces the effectiveness of imravenous drug ddivery. With respect to LO! the 
stabffized dispersions are preferably used in conjunctiDn with partial tiqiid ventilation or total liquid voitilation. 
Moreover, the present invention may further comprise introdxing a therapeuticady beneficial amount of a 

25 physiologically acc^talia gas (such as nitric oxide or oxygen) into the phannaceuticai micndspersion prior ta during 
orfoliovuing administration. 

For LOl, the dispersions of the present invention may be administered to the lung using a pulmonary 
delivery conduit. Those skilled in the art will appredate the tenn "pulmonary delivery conduit", as used herein, 
shall be construed in a broad sense to comprise any device or apparatus, or component thereof, that provides 

30 for the instillation or administration of a liquid in the lungs. In this respect a pulmonary delivery conduit or 
delivery conduit shall be held to mean any bore, lumen, catheter, tube, conduit, syringe, actuator, mouthpiece, 
endotrecheal tube or bronchoscope that provides for the administration or instillation of the disclosed 
dispersions to at least a portion of the pulmonary air passages of a patient in need thereof. It will be 
appreciated that the delivery conduit may or may not be associated with a liquid ventilator or gas ventilator. 
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In parttctdarly preferred embocfiments the delivery conduit shall comprise an endotracheal tube or 
bronchoscope. 

Here it must be emphasized that the dispersions of the present invention may be administered to 
ventilated (e.g. those connected to a mechanical ventilator) or nonventiiated, patients (e.g. those undergoing 
5 spontaneous respiration). Accordingly, in prefened embodiments the methods and systems of the present 
invention may comprise the use or inclusion of a mechanical ventilator. Further, the stabilized dispersions of 
the present invention may also be used as a lavage agent to remove debris in the lung, or for diagnostic lavage 
proceihires. In any case the introduction of liquids, particularly fluorochemicals, into the lungs of a patient is 
weli known and could be accomplished by a skilled artisan in possession of the instant specification without 

10 undue experimentation. 

Those skiDed in the art will appreciate that suspension meifia compatible with LOI techniques are 
similer to those set forth ebove for use in conjunction with nebulizers. Accordingly, for the purposes of the 
present appfication suspension medio for dispersions compatible with LDi shall be equhrdent to those 
enumerated above in conjunction with use in nebulizers. In any event, it wilt be eppredated that in 

IS particutariy preferred LDI embodiments the selected suspension medium shall comprise a fiuorochemical that 
is liquid under ambient conditions. 

It will be understood that in connection with the present invention, the disclosed dispersions are 
preferably aiMnistered directly to at least a portion of the pubnonary air passages of a mammal. As used 
herein, the tenns "direct instilistion" or 'direct administration" shall be held to mean the introduction of a 

20 stabilized dispersion into the lung cavity of a mammal. That is, the dispersion will preferably be atfaninistered 
through the trachea of a patient and into the lungs as a relatively free flowing liquid passing through a 
delivery conduit and into the pulmonary air passages. In this regerd, the flow of the dispersion may be gravity 
assisted or mey be afforded by induced pressure such as through a pump or the compression of a syringe 
plunger. In any case, the amount of dispersion edministered may be monitored by mechanical devices such es 

25 flow meters or by visual inspection. 

While the stebilized ifispersions may be administered up to the functional residual capacity of the hmgs of a 
patient, it will be appreciated that selected embodimems will comprise the pulmonary administration of much smaller 
volunes {e.g. on the order of a milliliter or less). For example, dependng on the disorder to be treated, the volume 
adminrstered may be on the order of 1, 3, 5, 10, 20, 50, 100, 200 or 500 milliliters. In preferred embodiments the 

30 liquid volume is less than 0.25 or 0.5 percent PRC. For particulariy preferred embodiments, the liquid volume 
is 0.1 percent FRC or less. With respect to the administration of relatively low volumes of stabilized 
dispersions It will be appreciated that the wettability and spreading characteristics of the suspension media 
(particularly fluorochemicals) will facilitate the even distribution of the bioactive agent in the lung. However, 
in other embodiments It may be preferable to administer the suspensions a volumes of greater than 0.5, 0.75 

35 or 0.9 percent FRC. In eny event. LOI treatment as disclosed herein represents a new alternative for critically 
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ill patients on mechanical ventilators, and opens the door for treatment of less ill patients with bronchoscopic 
administration. 

It imQ also be understood that other components can be biduded in the stabiized dispersions of the present 
invention. For example, osmotic agents, stabilizers, chelators, buffers, viscositY modiiators, salts, and siqars can be 
5 added to fine tune the stabiized dispersions for maximun ife and ease of administration. Such components may be 
added directly to the suspension metfium or associated with, or incorporated irv the perforated microstructuras. 
Cofsideratims such as sterility, isQtonidty, and biocompatibility may govern the use of conventional additives to the 
disclosed compositions. The use of such agents wil be understood to those of ordinary sidS In the art and the 
specific quantities, ratios, and types of agents can be determined empirically without undue experimentation. 

10 Moreover, while the staUized dispersions of the present invention are particiiarly suitable for the 

pulmonary administration of bioactive agents, they may also be used for the localized or systemic administration of 
compounds to any location of the body. Accordingly, it should be emphasized that in preferred embodbnent^, the 
f ormulations'may be adminstersd using a number of different routes including, but not fimited to, the gastrointestinal 
tract, the respiratory trad topicaly, intramusciiarly, intraperitoneally, nasally, vaginaiiy, rectaily, aurdly, oraHy or 

1 5 ocular. More generaHy, the stabilized dispersions of the present invention may be used to deBver agents topicafiy^or 
by administration to a non-pidmonary body cavity. In preferred embodhnents the body cavity is selected from the 
group consisting of the peritoneum, sinus cavity, rectum, urethra, gastrointestinal tract nasal cavity, vagina, 
auditory meatus, oral cavity, buccal pouch and pleura. Among other indications, stabilized dispersions comprising the 
appropriate bioactive a^nt, (e.g. ah antibiotic or an anti-inflammatory), may be used to treat infections of the eye, 

20 sinusitis, infections of the auditory tract and even infections or disorders of the gastrointestinal tract. With respect 
to the latter, the dspersions of the present invention may be used to selectively deliver phamiaceutical compounds to 
the inii^ of the stomech for the treatment of H, pyloriM^itm tut other ulcer related (Bsorders. 

With regard to the perforated nscrostructure powders and stabSized (fispersions disclosed herein those 
skilled in the art will appreciate that they may be advantageously supplied to the physician or other health care 

25 professional, in a sterile, prepackaged or kit form. More particulariy, the fomiulations may be supplied as 
stable powders or preformed dispersions ready for administration to the patient. Conversely, they may be 
provided as separate, ready to mix components. When provided in a ready to use form, the powders or 
dispersions may be packaged in single use containers or reservoirs, as well as in multi-use containers or 
reservoirs. In either case, the container or reservoir may be associated with the selected inhalation or 

30 administration device and used as described herein. When provided as individual components (e.g., as 
powdered microspheres and as neat suspension medium) the stabilized preparations may then be formed at 
any time prior to use by simply combining the contents of the containers as directed. Additionally, such kits 
may contain a number of ready to mix, or prepackaged dosing units so that the user can then administer them 
as needed. 
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Although prefemd emhodBnents of the present invention compnse powders and stabSized (fispersions for 
use in phannaceutical applications, it will be appreciated that the perforated microstnictiires end dsdosed 
iSsparsions may be used for a number of non pharmaceuticai eppications. That is; the present invention provides 
perforated microstructures which have a broad range of applications where a powder is suspended andlor 
5 aerosolized. In particular, the present invention is especially effective where an actWe or bioactive ingredient 
must be dissolved, suspended or soluUlized as fast as possible. By increasing the surfece area of the porous 
micropartides or by incorporation with suitable excipients as described hereia will result in an improvement in 
dispersibility, andfor suspension stability. In this regard, rapid dispersement epplications include, but are not 
limited to: detergents, dshwasher detergents, food sweeteners, condiments, spices, mineral flotation 

10 detergents, thickeiyng egents, foliar fertilizers, phytohormones, insect pheromones, insect repellents, pet 
repellents, pesticides, fungicides, disinfectants, perfumes, deodorants, etc. 

Applications that require finely divided particles in a non-aqueous suspension meda (i.e., solid , liquid 
or gaseous) are also contemplated as being within the scope of the present invention. As explained herein, 
the use of perforated microstructures to provide a "homotfispersion" minimizes particle particie interactions. 

IS As sxh, the perforated microspheres and stabifized suspensions of the present invention are partictdarly 
compatible with applications that require: inorganic pigments, dyeSr inks, paints, explosives, pyrotechra'c, 
adsorbents, absorbents, catalyst, nucleating agents, polymers, resins, insulators, fillers, etc. The present 
invention offers benefits over prior art preparations for use in applications which require aerosolization or 
atomization. in such non pharmaceutical uses the preparations can be in the forni of a liquid suspension (such 

20 ss with a propeOant) or as a dry powder. Preferred embodiments comprising perforated microstructures es 
described herein include, but are not limited to, ink jet printing formulations, powder coating, spray paint, 
spray pesticides etc. 

The foregoing description will be more fully understood with reference to the following Examples. Such 
Example^ are, however, merely representative of preferred methods of practicing the present invemion and shodd 
25 not be read as limiting the sct^e of the inventioa 

I 

Preparation of Hollow Porous Particles of Gentamidn Sulfate bv Sprav-Drvina 

40 to 60ml of the following solutions were prepared for spray drying: 

30 50% w/w hydrogenated phosphatidylchoine, E-1 00-3 
(Lipoid KG, Ludwigshafen, Germenyl 
50% w/wgentemicin sulfate (Amresco, Solon, OH) 
Perfluorooctylbromide, Perflubron INMK, Japan) 
Delonized water 

35 

Perforated microstructures comprising gentamidn sulfate were prepared by a spray drying 
technique using a B-IOI Mini Spray-Drier (Biichi, Rawil, Switzerland) under the following conditions: 
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aspiration: 100%, inlet temisreture: SE'^C; outlet temperature: BVZ; feed pump: 10%; N: flow: 2,800 Uhr. 
Variations in powder porosity were examined as a function of the blowing agent concentration. 

Ruorocarbon-in-water emulsions of perfluorooctyf brmnide containing a 1:1 wfw ratio of 
phosphatidylcholine IPC), and gentamidn sulfate wera prepared varying only the PFCIPC ratio. 1.3 grams of 

S hydrogenated egg phosphatidylcholine was dispersed in 25 ml deionized water using an Ultra ! urrax mixer 
(model T-25) at 8000 rpm for 2 to 5 minutes (T - 60-70''C). A range from 0 to 40 grams of perflubron was 
added dropwise during mixing (T - 60*70°C|. After addtion was complete; the fluon»:8ri)on4nwter emulsion was 
mixed for an adddonal period of not less than 4 minutes. The restiting coarse onulsions w^ then homogenized 
under figh pressure with an Avestin (Ottawa, Canada) homogenizer at 15,000 psi for 5 passes. Gentamidn sulfate 

10 was (fissolved in approximately 4 to 5 ml deionized water and subsequently mixed with the perflubron emission 
immediately prior to the spray dry process. The gentamidn powders were then obtained by spray drying using 
the conditions described above. A free flowing pale yellow powder was obtained for all perflubron conteining 
f ormidations. The yield for each of the various formulations ranged from 35% to 60%. 

15 II 

MorDhoioov of Gentamidn Sulfate Sorav Dried Powdera 
A Strang dependence of the powder morphology, degree of porosity, and production yield was observed as 
a function of the PFCIPC ratio by scanning electron nocroscopy (SEM). A series of six SEM nucrographs 
iflustrating these observations, labeled 1A1 to 1F1, are shown in the left hand column of Rg. 1. As seen in 

20 these micrographs, the porosity and surface roughness was found to be highly dependent on the 
concentration of the blowing agent, where the surface roughness, number end size of the pores increased 
with increasing PFCfPC ratios. For example, the fomiidation devoid of perfluorooctyl bromide produced 
microstructures that appeared to be highly agglomerated and readily adhered to the surface of the glass vial. 
Similarly, smooth, sphericaliy shaped miaopartides were obtained when rdathrely little (PFCIPC ratio - 1.1 

25 or 2.2) blowing agent was used. As the PFCIPC ratio was increased the porosity and surface roughness 
increased dramatically. 

As shown in the right hand cdumn of Fig. 1, the hollow nature of the microstructures was also 
enhanced by the incorporation of additional blowing agent. More particulariy, the series of six micrographs 
labeled 1A2 to 1F2 show cross sections of fractured microstructures as revealed by transmission electron 
30 microscopy (TEM). Each of these images was produced using the same microstrxture prep^tion as was used to 
produce the corresponding SEM micrograph in the left hand cdimn. Both the hollow nature and wall thickness of 
. the resulting perforated microstructures appeared to be largely dependent on the concentration of the 
selected biowing agent. That is, the hollow nature of the preparation appeared to increase and the thickness 
of the partide walls appeared to decrease as the PFCfPC ratio increased. As may be seen in Figs. 1A2 to 1C2 
35 substantialiy sdid structures were obtained from formulations containing little or no fluorocarbon blowing 
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agent. Conversely, the perforated microstructures produced using a relativBly tigh PFC IPC ratio of 
approximately 45 (shown in Fig. 1F2 proved to be extremely hollow with a relatively thin well ranging from 
about 4X5 to 261nm. Both types of partides are compatible for use in the presem inventioa 

lit 

Preparation of Spray Dried Gentamicin 

Sulfate Particles using Various Blowing Agents 

40 milliiiters of the following solutions were prepared for spray drying: 

50% wlw Hydrogenated Phosphatidylcholine, E100-3 

(Lipoid KG, Ludwigshafen, Germany) 
50% w/w Gentamicin Sulfate lAmresco, Solon Ohio) 
Deionized water. 

Blowing Aqems: 

Perfluorodecalin, FDC (Air products, Atlenton PA) 
Perfluorooctylbromide, Perfiubron (Atochem, Paris, France) 
Perfluorhexane, PFH (3M, St. Paul, MM) 
1J,2trichlorotrifiuorQethane, Freon 113 (Baxter, McGaw Park, IL) 

Hollow porous microspheres with a model hydrophiiic drug, e.g., gentamicin sulfate, were prepared 
by spray drying. The blowing agent in these formulations consisted of an emulsified fiuorochemical (FCj oil. 
Emulsions were prepared with the following FCs: PFH, Freon 113, Perfiubron and FDC. 1.3 grams of 
hydrogenated egg phosphatidylcholine was dispersed in 25 ml deionized water using a Uitra-Turrax mixer 
(model T-25) at 8000 rpm for 2 to 5 minutes (T - 60-701. 25 grams of FC was added dropwise during mixing (T 
" 6070°C). After the adcStion was complete, the FC-in- water emulsion was mixed for a total of not less than 4 
minutes. The resulting pulsions were then further processed using an Avestin (Ottawa, Canada) high pressure 
homogenizer at 15,000 psi and 5 passes. Gentamicin sulfate was dissolved in approximately 4 to 5 mL deionized 
water and subsequently mixed with the FC emission. The gentamicin powders were obtained by spray drying 
(Buchi, 191 Mini Spray Dryer). Each emulsion was fed at a rate of 2.5 mUmin. The irdet and outlet 
temperatures of the spray dryer were 85**C and 55°C respectively. The nebulization air and aspiration flows 
were 2800 LIhr and 100% respectivdy. 

A free flowing pale yellow dry powder was obtained for all formulations. The yield for the various 
formications ranged from 35 to 60%. The various gentamicin sulfate powders had a mean volume weighted 
particle diameters that ranged from 1.52 to 4.91 //m. 

IV 

Effect of Blowino Agent on the Morphology of 
Gentamicin Sulfate Sprav Dried Powders 
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15 



A strong depsndsnce of the powder morphology, porosity, and production yield (emount of powder 
captured in the cydone) was observed as a function of the blowing egent boitng point In this respect the powders 
produced in Example Hi were observed using scamvig electron microscopy. Sprey drying a fiuorochemicei (FC) 
emulsion with e boiling point below the E5"C outlet temperature (e.g^ perfluorohexene (PFH] or Freon 1 13), 
yielded emorphously shaped (shrhrelBd or deflated) powders that contained little or no pores. Whereas, 
emulsions formulated with higher boiling FCs (e.g^ perflubron, perfluorodecalin, FOC) produced spherical 
porous particles. Powders produced with higher bdfing blowing egents also had production yields 
approximately two times greater than powders produced using relatively low boifing point blowing agents. 
The selected blowing agents and their boiling points are shown In TaUe 11 directly bdow. 

Table II 



Blowing Agent 


(bp 'CI 


Freon 113 


47.6 


PFH 


56 


FDC 


141 


Perflubron 


141 



Example , IV illustrates that the physical characteristics of the blowing egent (i.e., boiling point) 
greatly influences the ability to provide perforated microparticles. A particular edvantage of the present 
invention is the ability to alter the microstructure morphology end porosity by modifying the conditions and 
nature of the blowing agent. 



20 



25 



3d 



35 



Preoeration of Soray Dried Albuterol Sulfate 
Particles usino Various Blowino Agents 

Approximately 185 ml of the following solutions were prepared for spray drying: 

49% w/w Hydrogenated Phosphatidylcholine, E100-3 

(Lipoid KG, Ludwigshafen, Germany) 
50% w/w Albuterol Sulfate 

(Accurete Chemical, Westbury, NY) 
1 % wfw Pdoxamer 188, NF grade (Mount Olive, NJ) 
Oeionized water. 

Blowino Agents: 

Perfluorodecalin, FDC (Air products, Allenton PA! 
Perfluorooctyibromide, Perflubron (Atochem, Peris) 
Perfluorobutylethane F4H2 (F-Tech, Jepan) 
Perfluorotributylemine FTBA I3M, St. Paul, MN) 

Albuterol sulfate powder was prepared by spray-drying technique by using a B-191 Mini Spray-Drier 
(Buchi, Flawil, Switzerland) under the following conditions: 
Aspiretion: 100% 



-50- 



wo 99/16419 



PCT/US98/20602 



Inlet temperature: 85^C 
Outlet temperature: 6rc 
Feed pump: 2.5 mUmiiu 
N2flow:47Umin. 

5 

The feed solution was prepared by mixing solutions A and B prior to spray drying. 
Solution A : Twenty grams of water was used to dissolve 1.0 grams of Albuterol sidfate and 0.021 
gramsof poioxamer 188. 

Solution B represented an emulsion of a ftuorocarbon in water, stabiSzed by a phospholipid, which 
10 was prepared in the following way. Hycfrogenated phosphatidylcholine (1.0 grams) was homogenized in 150 
grams of hot deionized water (T - 50 to 60**C| using an Ultra Turrax mixer Imodel T*25l at 8000 rpm, for 2 
to 5 minutes (T - 60-70"C). Twenty-five grams of Perflubron (Atochem, Paris, France) was added dropwise 
during mixing. After the adAion was complete the Ruorochemicai-irHwater emulsion was mbted for at least 4 
minutes. The restiting emulsion was then processed usmg an Avestin (Ottawa, Canada) high-pnsssure homogenzer 
IS at 18,000 psi and 5 passes. Solutions A and B were combined end fed into the spray dryer under the 
conditions described above. A free flowing, white powder was collected at the cyclone separator as is 
standard for this spray dryer. The albuterol sulfate powders had mean volume weighted partide diameters 
ranging from 1.28 to 2.77 //m, as determined by an Aerosizer (Amherst Process Instruments, Amherst, MA). 
By SEM, tin albuterol stdfateAshosphoEpid spray dried powders were spherical and highly porous. 
20 Example V further demonstrates the wide variety of blowing agents that may be used to provide 

perforated micropartides. A particular advantage of the present invention is the ability to alter the 
microstructure morphology and porosity by manipulating the formulation and spray drying conditions. 
Furthermore, Example V demonstrates tiie partide ifiversity achieved by the present invention and tite ability to 
effectively incorporate a vyide variety of phannaceutical agents therein. 

25 

VI 

Preparation of Hollow Porous PVA Partides 

by Sprav Orvinq a Waterin-oil Emulsion 

1 00 ml of the following solutions were prepared for spray drying: 

30 80% wAnr BiS'(2-ethYlhexYD Sdfosucdnic Sodium Salt 

(Aerosol OT, Kodak, Rochester, NY) 
20% wfw Pdyvinyl Alcohol, average mdecular weight -30,000-70,000 

(Sigma Chemicals, St. Louis, MO) 
Carbon Tetrachloride (Aldrich Chemicals, MihA/aukee, Wi) 
35 Daonized water. 

Aerosol OT/polyvinyl alcohol particles were prepared by spray-drying technique using a B-191 Mini 
Spray-Drier (Buchi, Flawil, Switzeriand) under the following conditions: 
Aspiration: 85% 
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inlet temperature: eO^'C 
Outlet temperature: 43 ''C 
Feed pump: 7.5 mUmin. 
N2flow:36Umin. 

5 

Solution A: Twenty grams of water was used to cfissolve 600 mifligrams of polyvinyl alcohol (PVAI. 
Solution B represented an emulsion of carbon tetrachloride in water, stabifized by aerosol OT, which 
was prepared in the following way. Two grams of aerosol OT, was dispersed in 80 grams of carbon 
tetrachloride using a Ultra-Turrax mixer (model T-251 at 8000 rpm for 2 to 5 minutes (T - 15" to 20°C). 

1 0 Twenty grams of 2.5% w/v PVA was added dropwisa during mixing. After the addition was complate, the water 
in^ emulaon was mbced for a total of not lass than 4 minutes IT - 1 5'' to 20**Ch The lesdting emulsion was then 
processed using an Avastin (Ottawar Canada) highitrassura homogenizer at 1 ZOOO psi and 2 passes. The emidsion 
was then fed into the spray dryer under the conditions described above. A free flowing, white powder was 
collected at the cyclone separator as is standard for this spray dryer. The Aerosol OT/PVA powder had a 

15 mean volume weighted particle diameter of 5.26 ± 3.27 fm as determined by an Aerosizer (Amherst Process 
Instruments, Amherst MAI. 

Example VI further demonstrates the variety of emission systems (here, reverse water ln-oil), 
formulations and conditions that may be used to provide perforated microparticles. A particular advantage of 
the present invention is the ability to alter formulations andfor conditions to produce compositions having a 

20 microstructure with selected porosity. This principle is further illustrated in the following example. 

VII 

Preparation of Hollow Porous Polvcaprolactone 
Particles bv Snrav Drving a Water-in-Oil Emulsion 
25 1 00 mis of the following solutions were prepared for spray drying: 

80% wiw Sorbitan Monostearate, Span 60 (Aldiich Chemicals, Milwaukee, Wl) 
20% wlw Polycaprolactone, average molecular weight - 65,000 
(Aldrich Chemicals, MihA;aukee, Wi| 
30 Carbon Tetrachloride (Aldrich Chemicals, Milwaukee, Wll 

Deionized water. 

Span 60/polycaprolactone particles were prepared by spray-drying technique byusing a B-191 Mini 

Spray-Drier (Buchi, Rawil, Switzeriand) under the following conditions: 

35 Aspiration: 85% 

Inlet temperature: 50°C 
Outlet temperature: 38'' C 
Feed pump: 7.5 mUmin. 
Nj flow: 36 L/min. 

40 
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A water-in-carbon tetrachloride emulsion was prepared in the following manner. Two grams of 
Span 60, was dispersed in 80 grams of carbon tetrachloride using an Uitra-Turrax mixer (model T-25) at 8000 
rpm for 2 to 5 minutes (T - 15 to 20*^C). Twenty grams of deionized water was added dropwise during 
mixing. After the addtion was complete, the water-in-ofl emulsion was nuxed for a total of not less than 4 minutes 
S (T - 15 to 20° C). The resilting emulsion was then further processed using an Avestin (Ottawa, Canada) high- 
pressure homogerizer at 12,000 psi and 2 passes. Five hundred milligrams of polycaprolactone was added 
directly to the onulsion and, mixed until thoroughly dissolved. The emulsion was then fed into the spray dryer 
under the conditions (tescribed above. A free flowing, white powder was collected at the cyclone separator 
as is standard for this dryer. The resulting Span GOfpolycaprolactone powder had a mean volume weighted 
10 particle diameter of 3.15 t 2.17 //m. Again, the present Example demonstrates the versatility the instant 
invention with regard to the feed stock used to provide the desired perforated nacrostnicture. 



VIII 

15 Preparation of hollow porous powder bv snrav drvino a oas-in-water emulsion 

The following solutions were prepared with water for injection: 
Solution 1: 

3.9% wiv m<HES hydroxyethylstarch (Ajinomoto, Tokyo, Japan) 
20 3.25% wIv Sodium chloride (Mallinckrodt St. Louis, MO) 

2.83% wfv Sodium phosphate, dibasic (Mdlinckrodt, St. Louis, MOI 
0.42% wfv Sodium phosphate, monobasic (Mallinckrodt, St. Louis, MO) 



25 



Solution 2: 



0.45% wIv Poloxamer 1 88 (BASF, Mount Olive, NJ) 
1 .35% wIv Hydrogenated egg phosphatidylcholine, EPC-3 
(Lipoid KG, Ludwigshafen, Germany) 

The ingredents of solution 1 were dssdved in wami water using a stir plate. The surfactants in solution 2 
30 were dispersed in water using a Hgh shear mixer. The solutions were combined following emulsification and 
saturated with nitrogen prior to spray drying. 

The resulting dry, free flowing, hollow spherical product had a mean particle diameter of 2.6 ± 1.5 
//m. The particles were spherical and porous as determined by SEM. 
35 This example illustrates the point that a wide of blowing agents (here nitrogen) may be used to 

provide microstructures exhibiting the desired morphology. Indeed, one of the primary advantages of the 
present invention is the ability to alter fomiation conditions so as to preserve biological activity (i.e. with 
proteins), or to produce microstructures having selected porosity. 



40 IX 

Suspension Stability of Gentamicin Sulfate Sorav-Dried Powders 
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The suspension stability was ifefined as, the resistance of powifers to cream in a nonaqueous 

medium using a dynamic photosedmentation method. Each sample was suspended in Perfluhron at a 

concentration of 0.8 mg/mL The creammg rates were measured using a Horiba CAPA-700 

photosadimentation particle size analyzer (Irvine, CA| under the following conditions: 

S DImaxI: 3.00 /tim 

Dimin.): 0.30 Ami 

DIDiv): O.IOimi 
Rotor Spee± 3000 rpm 

X: 10 mm 

10 

The suspended particles were subjected to a centrifugal force and the absorbanca of the suspension 
was measured as a function of time. A rapid decrease in the ebsorbance identifies a suspension with poor 
stability. Absorbance data was plotted versus time and the area under the curve was integrated between 0.1 
end 1 min., which was taken as a relative measurement of stability. Rgure 2 graphically depicts suspension 

IS stabBity as a function of PFC/PC ratio or porosity. In this case, the powder porosity was found to increase 
with increasing PFCfPC. Maximum suspension stability was observed with formulations having PFC/PC ratios 
between 3 to 15. For the most part, these formulations appeared stable for periods greater than 30 minutes 
using visual Inspection techniques. At points beyond this ratio, the suspensions flocci^ated rapidly indicating 
decreased stability. Similar results were observed using the cream layer ratio method, where it was observed 

20 that suspensions with PFCfPC ratios between 3 to 15 had a reduced cream layer thickness, indicating 
favorable suspension stability. 

X 

Preparation of Hollow Porous Particles of Albuterol Sulfate fay SDrav DrvinQ 
25 Hollow porous albuterol sulfate particles were prepared by a spray-drying technique with a B-181 

Mini Spray-Orier (Buchi, Hawil. Switzerland) under the fdlovuing spray conditions: aspiration: 100%, inlet 
' temperature: 85''C; outlet temperature: feed pump: 10%; Nj flow: 2,800 Lfhr. The feed solution was 
prepared by mixing two solutions A and B immediately prior to spray drying. 

Solution A: 20g of water was used to dssolve 1g of albuterol sulfate (Accurate Chemical, 
30 Westbury, NY) and 0.021 g of poloxamer 188 NF grade (BASF, Mount Olive, NJ|. 

Solution B: A fluorocarbon-in-water emulsion stabiRzed by phospholiind was prepared in the 
following manner. The phospholipid, 1g EPC-100-3 (Lipoid KG, Ludwigshafen, Germany), was homogenized in 
150g of hot deionized water (T - 50 to BO^CI using an Ultra-Turrax mixer (model T-251 at 8000 rpm for 2 to 
5 minutes IT -* 60J0°C). 25g of perfluorooctyl bromide (Atochem, Paris, France) was added dropwise during 
3S mixing. After the fluorocarbon was added, the emulsion was mixed for a period of not less than 4 minutes. The 
resulting coarse emulsion was then passed through a high pressure homogenizer (Avestia Ottawa, Canada) at 
18,000 psi for 5 passes. 
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Solutions A and B were combined and fed into the spray-dryer under the conditions described above. 
A free flowing, white powder wes collected et the cydone separator. The hdlow porous albuteroi sulfate 
partides had e volume-weighted mean aerodynamic diameter of 1.18 ± 1.42 //m as determined by e tane-of- 
flight analytical method I Aerosizer, Amherst Process Instruments, Amherstr MA). Scenning electron microscopy ' 
(SEM) analysis showed the powders to be spherical and highly porous. The tap density of the powder was 
detennined to be less than 0.1 glcm^ 

This foregoing example serves to Hustrats the mherem civersity of the present invention as a drug deBvery 
platform capafale of effecthniy incorporating any one of a number of pharmaoeuticfli agents. The principle b further 
iustrated in the next example. 

XI 

PreDaration of Hollow Porous Particles of BDP bv Sprav Drvina 
Perforated microstructures comprising bedomethasone dipropionate (BDP) partides were prepared 
by a spray-drying technique with a B-191 Mini Spray-Drier (BOchi, Flawil Switzerland) under the following 
spray conditions: aspiration: 100%, inlet t^perature: SB'^C; outlet temperature: 6rC; feed pump: 10%; 
flow: 2,800 LIhr. The feed stock was prepared by mixing O.llg of lactose with e fluorocarbonin-water 
emulsion immediately prior to spray drying. The emulsion was prepared by the technique described below. 

74 mg of BDP (Sigma, Chemical Co., St. Louis, MO), 0.5g of EPC-100-3 (Lipoid KG, Ludwigshafen. 
Germany), 15mg sodum deate (Sigma), and 7mg of poloxamer 188 (BASF, Mount Olive, NJ) were dissolved 
in 2 ml of hot methand. The methand was then evaporated to obtan a thin film of the phosphdipid/sterdd 
mixture. The phosphdipidfsteroid mixture was then (ispersed in 64g of hot ddonized water IT - 50 to 60"C) 
using an Ultra-Turrax mixer (model T-251 et 8000 rpm for 2 to 5 minutes (T - 60-70°C). 8 g of perflubron 
(Atochem, Paris, France) was added dropwise ikiring mixing. After the addtion was comitate, the emulsion was 
mixed for an adif tional period of not less than 4 nanutes. The resulting coarse emdsion was then passed through a 
high pressure homogenizer (Avestia Ottawa, Canada) at 18,000 psi for 5 passes. This emdsion was then used to 
form the feed stock which was spray dried as described above. A free flowing, wKte powder wes collected at 
the cydone separator. The hdlow porous BDP partides had a tap density of less than 0.1 g/cml 

XII 

Preoaration of Hdlow Porous Particles of Cromdvn Sodium fav Snrav-Drvinn 
Perforated microstructures comprising cromolyn sotfium were prepared by a spray-drying technique 
with a 8-191 Mini Spray-Drier (Buchi, Flawil, Switzerland) under the following spray concitions: aspiration: 
100%, inlet temperature: 85*^0; outlet temperature: OrC; feed pump: 10%; flow: 2,800 L/hr. The feed 
solution was prepared by mixing two sdutions A and B immediately prior to spray drying. 
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Solution A: 2bg of water was used to dssdve 1g of cromolyn sodium (Sigma Chemical Co, St louts, 
MOI and 0.021 g of poioxamer 188 NF grade (BASF, Mount Ofive, NJ|. 

Solution B: A fluorocarbon-in-water emulsion stabilized by phospholipid was prepared in the 
following manner. The phospholipid, 1g EPC-100-3 (Lipoid KG, Ludwigshafen, Gemiany), was homogenized in 
5 150g of hot deionized water (T - 50 to 60°C) using an Ultra Turrax mixer (model T-2&) at 8000 rpm for 2 to 
5 minutes (T - 60-70® C|. 27g of perfluorodrcalin (Air Products, Allentown, PA) was added dropwise during 
mixing. After the fluorocaibon was adttedt the emulsion was mixed for at least 4 nnnutes. The resulting coarse 
emiision was than passed through a high pnssure homogenizer (Avestin, Ottawa, Canada) at 18,000 psi for 5 
passes. 

1 0 Solutions A and B were combined and fed into the spray dryer under the conditions described above. 

A free flowing, pale yellow powder was collected at the cyclone separator. The hollow porous cromolyn 
sodium particles had a volume-weighted mean aerodynamic diameter of 1.23 ± 1.31 //m as determined by a 
time-of-flight analytical method (Aerosizer, Amherst Process Instruments, Amherst, MA). As shown in Fig. 3, 
seaming electron microscopy (SEM) anaiysis showed the powders to be both hollow and porous. The tap density of 

1 5 the powder was detBiminBd to be less than 0.1 g/dnl 

XIII 

Preparation of Hollow Porous Particle of PWase I by Spray Drying 
Holiow porous DNase I partidss were preptfed by a spray drying technh|ue with a 6-191 Mini 
20 Spray-Drier (BucM, Hawil, SwiUeriand) under the following conditions: aspiration: 100%, iidet temperature: 
80*C; outlet temperature: GVC; feed pump: 10K; flow: 2,800 L/hr. The feed was prepared by mixing two 
solutions A and B immeifiatBly prior to spray drying. 

Solution A: 20g of water was used to dissolve 0.5gr of human pancreas DNase I (Calbiochem, San 
Diego CAI and 0.01 2g of poioxamer 188 NF grade (BASF, Mount Olive, NJ). 
2S Solution B: A fluorocarbon-in-water emulsion stabilized by phosphofi(»d was prepared in the 

following way. The phospholipid, 0.52g EPC-100*3 (Lipoid KG, Ludwigshafen, Gennany), was homogenized in 
87g of hot deionized water (T - 50 to 60'' C) using an Ultra Turrax mixer (model T'25| at 8000 rpm for 2 to 5 
minutes {T - 60-70® C). 13g of perflubron lAtochem, Paris, France! was added dropvwise during mixing. After 
the fluorocarbon was addei the emulsion was mixed for at least 4 minutes. The restiting coarse emulsion was then 
30 passed through a high pressure homogenizer (Avestin, Ottawa, Canada) at 18,000 psi for 5 passes. 

Solutions A and B were combined and fed into the spray dryer under the conditions described above. 
A free flowing, pale yellow powder was callected at the cyclone separator. The hollow porous DNase I 
particles had a volume-weighted mean aerodynamic diameter of 1.29 ± 1.40 //m as determined by a time-of- 
flight analytical method (Aerosizer, Amherst Process Instruments, Amherst, MA). Scanning electron 
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microscQpy ISEM) analysis showed the powders to be both hollow end porous. The tap density of the powder was 
determined to be less than 0.1 gfonl 

The foregoing example hirther IQustrates the extraordinary compatiisity of the present invention with a 
varietY of bioactive agents. That is, in addition to relatively small, hardy compoinds such as steroids, the 
S preparations of the present invention may be formulated to effectively incorporate larger^ fra^ie molecules such as 
protasis and genetic material. 

XIV 

Preparation of Perforated Ink PolvmBric Particles bv Sorav Drvimi. 
1 0 In the follov\flng hypothetical example, finety-cfivided porous spheric^ resin particles which may 

contain coloring material such as a pigment, a dye, etc. are fomted using the following formulation in 
accordance with the teachings herein: 

Formulation: 

IS Butatoe 7.5 g co-monomer 

Styrene 2.5 g co-monomer 

Water 18.0 g carrier 

Fatty Acid Soap 0.5 g emuisifier 

n-Dodecyl Mercaptan 0.050 g modifier 

20 potassium persulfate 0.030 g initietor 

carbon Black 0.50 g pigment 

The reaction is ellowed to proceed at SCC for 8 hours. The reaction is then tenninated by spray 

25 drying the emulsion using a high pressure liquid chromatography (HPLC) pump. The emulsion is pumped 

through a 200 x 0.030 inch i.d. stainless steel tubing into e Niro atomizer portable spray dryer (Niro Atomize, 

Copenhagen, Denmark) equipped with a two fluid nozzle (0.0r i.d.) employing the following settings: 

Hot eir flow rete: 39.5 C FM 

Iniet air temp.: 180^0 
30 Outlet air temperature: 80°C 

Atomizer nitrogen flow: 45 L/min, 1 ,800 psi 
Liquid feed rate: 33 mL/min 

It will be appreciated that unreacted monomers serve es blowing egents, creating the perforated 
35 microstructure. The described formulation and conditions yield free flowing porous polymeric particles 
ranging from O.MOO/ym that may be used in ink formulations. In accordance with the teachings herein the 
microparticles have the advantage of incorporating the pigment directly into the polymeric matrix. The 
process allows for the production of different particle sizes by modifying the components and the spray 
drying conditions with the pigment particle diameter largely dictated by the diameter of the copolyrner resin 
40 particles. 
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XV 

Andersen tmoactof Test for Assessina MDI and DPI Performance 

The MDIs and DPls were tested using conmioniy accepted pharmaceutical procedures. The method 
utilized was compliant with the United State Pharmacopeia lUSP) procedure (Pharmacopeia! Previews (1986) 
22:3065-3098) incorporated herdn by reference. After 5 shots to waste. 20 shots from the test MDI were 
made into an Andersen Impactor. The number of shots employed for assessing the DPI formulations was 
dictated by the drug concentration and ranged from 10 to 20 actuations. 

Extraction procedure. The extraction from all the plates, induction port, and actuator were 
perfomied in closed viais with 10 mL of a suitable solvent. The filter was instaiied but not assayed, because 
tfm polyacrylic binder interfered with the analysis. The mass balance and particle size distribution trends 
indicated that the deposition on the filter was negligibly small. Methanol was used for extraction of 
beclomethasone dipropionate. Oeionized water was used for albuterol sulfate, and cromolyn sodium. For 
albuterol MDIs, 0.5 mi of 1 N sodium hydroxide was added to the plate extract which was used to convert 
the albuterol into the phenolate form. 

Quantitation procedure. Alt drugs were quantitated by absorption spectroscopy IBeckman DU640 
spectrophotometer) relative to an external standard curve with the extraction solvent as the blank. 
Bedomethasone ifipropionate was quantitated by measuring the absorption of the plate extracts at 238 nm 
Albuterol MDIs were quantified by measuring the absorption of the extracts at 243 nm, while cromolyn 
sodium was quantitated using the absorption peak at 326 nm. 

Calculation procedure. For each MDI, the mass of the drug in the stem (component -31 actuator (• 
21, induction port l-t) and plates (07) were quantified as described above. Stages -3 and -2 were not 
quantified for the DPI since this device was only a prototype. The main interest was to assess the 
aerodynamic properties of the powder wMch leaves this device. The Fine Particle Dose and Fine Particle 
Fraction was calculated according to the USP method referenced above. Throat deposition was defined as 
the mass of drug found in the induction port and on plates 0 and 1. The mean mass aerodynamic diameters 
(MMAD) and geometric standard diameters (GSD) were evaluated fay fitting the experimental cumulathre 
function with log-normal distribution by using two-parameter fitting routine. The results of these experiments 
are presented in subsequent examples. 

XVI 

Preparation of Metered Dose Inhalers Containing Hollow Porous Particles 
A pre-weighed amount of the hollow porous particles prepared in Examples I, X, XI, and XII were 
placed into 10 ml aluminum cans, and dried in a vacuum oven under the flow of nitrogen for 3 • 4 hours at 
40''C. The amount of powder filled into the can was determined by the amount of drug required for 
therapeutic effect. After this, the can was crimp sealed using a DF31/50act 50 I valve (Vaiois of America. 
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Greenwich, CTI and fOled with HFA-134a IDuPont, Wilmingtoa DEI propeilant by overpressure through the 
Stan. The amount of the propeilant in the can was determined by weighing the can before and after the fill. 

XVII 

5 Effect of Powder Porosity on MDI Performance 

In order to examine the effect powder porosity hes upon the suspension stability and aerodynamic 
diameter, MDIs were prepared as in Example XVi with verious preparations of perforeted microstructures 
comprising gentamicin fomiutations as described in Example I. MOIs containing 0.48 wt % spray dried 
powders in HFA 134a were studied. As set forth in Example I, the spray dried powders exhibit varying 
1 0 porosity. The fonnulations were filled in clear glass vials to allow for visual examination. 

A strong depencfence of the suspension stability and mean volume weighted aerodynamic dameter was 
observed as a function of PFC/PC ratio andlor porosity. The volume weighted mean aerodynamic diameter 
(VMAD) decreased and suspension stability increased with increasing porosity. The powders that appeared 
solid and smooth by SEM and TEM techniques had the worst suspension stability and largest mean 
IS aerodynamic diameter. MDIs which were formulated with highly porous end hollow perforated 
microstructures had the greatest resistance to creaming and the smallest aerodynamic diameters. The 
measured VMAD values for the dry powders produced in Example I are shown in TaUe 111 immediately below. 

Table III 

20 



PFCIPC 


Powder VMAD,/ym 


0 


6.1 


1.1 


5.9 


2.2 


6.4 


4.8 


3.9 


18.8 


2.6 


44.7 


1.8 



XVIIt 

Comparison of Creamino Rates in Cromolyn Sodum Formulations 
25 A comparison of the creaming rates of the commercial Intal formulation (Rhone Poulenc Rorer) and 

spray-dried hollow porous particles formulated in HFA-134a according to Example XII (i.e. see Fig. 31 is shown 
in Figures. 4A to 4D. In each of the pictures, taken at 0 seconds, 30 seconds, 60 seconds end two hours 
after shaking, the commercial formulation is on the left and the perforated microstructure dispersion formed 
accordance with the present invention is on the right. Whereas the commercial Intel formulation shows 
30 creaming within 30 seconds of mixing, almost no creaming is noted in the spray-dried particles after 2 hours. 
Moreover, there was little creaming in perforated microstructure formulation after 4 hours (not shown). This 
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example dearly ilustrates the balance in density which can be achieved when the hollow porous pertides are 
filled with the suspension medium (i.e. in the fomietion of e homodispersion). 

XIX 

5 Andersen Cascade Impactor Results for Cromolyn Sodium MDI Formulations 

The results of csscade impactor tests for a commerdalty availeble product (Intal*, Rhone-Pouienc 
Rorerl and en enalogous spray-dried hollow porous powder in HFA-134a prepared according to Examples XII 
and XVI are shown below in Teble IV. The tests were performed using the protocol set forth in Exemple XV. 



10 Table iV 



Cromolyn Socfium MDts 




MMAO 
(GSO) 


Throat 
Deposition, 

Pi 


Fine partide fraction. 
% 


Fine Particle Dose, 

g 


lnta!\CFC In - 4) 
(Rhone Poulenc) 
800 //g dose 


4.7 ± 0.5 
(1.9 ±0.06) 


629 


24.3 ±2.1 


202 ±27 


Spray dried hollow porous 
powder, HFA 
(Alliance) (n-3) 
300 //g dose 


3.4 ± 0.2 
(2.0 ± 0.3) 


97 


67.3 ±5.5 


200±11 



The MDI formuleted with perforeted microstructures was found to have superior aerosd 
perfomiance compared with Intel*. At a comparable fine partide dose, the spray dried cromolyn formulations 
possessed a substantialiy higher fine particle fraction (" 67%), and significantly decreased throat deposition 
IS (6-fdd), elong with a smaSer MM AD value. It is importent to note that the effective delivery provided for by 
the present invention eilowed for a fme particle dose that was approximatdy the same as the prior art 
commercial formulation even though the amount of perforeted microstructures administered 1300 //gl was 
roughly s third of the Intef dose administered (800 //g). 

20 XX 

Comoerison of Andersen Cescade Impactor Results for 
Albuterd Sulfete Microspheres Delivered From DPIs end MDls 

The in vitro aerodynamic properties of hdiow porous dbuterol sulfate microspheres as prepared in 

Example X was characterized using an Andersen Mark I) Cascade impactor (Andersen Sampler, Atlenta, GA) 

2S and an Amherst Aerosizer (Amherst Instruments, Amherst, MA). 

DPI testing. Approximately, 300mcg of spray-dried microspheres was loaded into a proprietary 

inhalation device. Activation and subsequent plume generation of the dry powder was achieved by the 

actuation of 50 fA of pressurized HFA 134a through a long induction tube. The pressurized HFA 134a forced 

air through the induction tube toward the sample chamber, and subsequently aerosolized a plume of dry 
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powder into the air. The dry powder plume was then taken in the cascade impactor by means of the air flow 
through drawn through the testing device. A single actuation was discharged into the eerosizer sample 
chamber for particle size analysis. Ten actuations were discharged from the device into the impactor. A 30 
second interval was used between each actuation. The results were quantitated as described in Example XV. 

5 

MDI testing. A MDI preparation of albuterol sulfate microspheres was prepered as in Example XVI. 
A single actuation was (fischarged into the eerosizer sample chamber for particle size analysis. Twenty 
ectuations were (fischarged from the device into the impactor. A 30 second interval was used between each 
actuation. Again, the results were quantitated as described in Example XV. 
10 The results comparing the particle size enalysis of the/ neat albuterol sulfate powder and the. 

albuterol sulfate powder discharged from either a DPI or MDI are shown in TaUe V below. The albuterol 
sulfste powder delivered from the DPI was indistinguishable from the neat powder which indicates that little 
or no aggregation had occurred during actuation. On the other hand, some aggregation was observed using 
an MDI as evidenced by the larger aerodynamic diameter of particles delivered from the device. 

15 

Table V 



Sample 


Mean Size {jm) 


% under 5.4 fjm 


95% under i/jm) 


Neat powder 


1.2 


100 


2,0 


MDI 


2.4 


96.0 


5.1 


DPI 


1.1 


100 


1.8 



Similar results were observed when comparing the two dosage forms using an Andersen Cascade 
20 Impactor (Figure 5|. The spray-dried albuterol sulfate powder delivered from the DPI had enhanced deep lung 
deposition and minimized throat deposition when compared with the MDI. The MDI formulation had a fine 
particle fraction IFPF) of 79% and a fine particle dose (FPD) of 77 //gfactuation, while the DPI had a FPF of 
87% and a FPD of 100i!/gl actuation. 

Figure 5 and the Example above exemplifies the excellent flow and aerodynamic properties of the 
25 herein described spray-dried powders delivered from a DPI. Indeed, one of the primary advantages of the 
present invention Is the ability to produce small aerodynamically light particles which aerosolize with ease end 
which have excellent inhalation properties. These powders have the unique properties which enable them to 
be effectively and efficiently delivered from rather a MDI or DPI. This principle is further illustrated in the next 
Example. 

30 

XXI 

Comparison of Andersen Cascade Impactor Results for 
Beciomethasone Diprooionate Microspheres Delivered From DPis and MDIs 
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The in vhro aerodynamic properties of hollow porous badomethasone ifipropionate IBDPI 
microspheres as prepeied in Example XI was characterized using an Andersen Merk II Cascade tmpactor 
(Andersen Sampler, Atlanta. GA) and an Amherst Aerosizer (Amherst Instroments, Amherst, MA). 

DPI testino. Approximately, 30(]|j[/g of spray-dried microspheres was loaded into a propriatery 
S inhalation device. Activation and subsequent plume generation of the dry powder was achieved by the 
* actuation of 50 lA of pressurized HFA 134a through a long induction tube. The pressurized HFA 134a forced 
air through the induction tube toward the sample chamber, and subsequently aerosolized a plume of dry 
powder into the air. The dry powder plume was then taken in the cascade impactor by means of the eir flow 
through drawn through the testing device. A single actuation was cfischarged into the aerosizer sample 
10 chamber for particle size enalysis. Twenty actuations were discharged from the device into the impactor. A 
30 second interval was used between each actuation. 

MDI testing. A MOl preparation of bectomethasone dipropionate (BDP) microspheres was prepared 
as in Example XVI. A single actuation was discharged into the aerosizer sample chamber for particle size 
analysis. Twenty ectuations were discharged from the device into the impactor. A 30 second interval was 
1 5 used between each actuation. 

The results comparing the particle size analysis of the neat BDP powder and the BDP powder ^ 
discharged from either a DPI or MDI are shown in Table VI nnmediately below. 

Table VI 



Sample 


Mean Size 


% under 5.4 


95% under l//m) 


Neat powder 


1.3 


100 


2.1 


MDI 


2.2 


98.1 


4.6 


DPI 


1.2 


99.8 


2.2 



20 

As with Example XX, the BDP powder delivered from the DPI was indistinguishable from the neat 
powder which indicates that little or no aggregation had occurred during actuation. On the other hand, some 
aggregation was observed using an MOl as evidenced by the larger aerodynamic (fiameter of particles 
25 delivered from the device. 

The spray-dried BDP powder delivered from the DPI had enhanced deep lung deposition and 
minimized throat deposition when compared with the MDI. The MDI formulation had a fine particle fraction 
(FPF) of 79% and a fine particle dose (FPD) of 77 //gjactuation, while the DPI had a FPF of 87% and a FPD of 
100//g/ actuation. 

30 This foregoing example serves to illustrate the inherent diversity of the present invention as a drug 

delivery platform capable of effectively incorporating any one of a number of pharmaceutical agents and 
effectively delivered, from various types of delivery devices {here MDI and DPI) cunently used in the 
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phannaceutical arena. Tha excellent flow and aerodynffinic properties of the dry powders shown in the 
proceeding examples is further exemplified in the next example. 

XXII 

Comparison of Andersen Cascade Imoactor Results for 
Albuterol Siifate MicrospherBs and Ventolin Rotacaps" from a Rotahaler * Device 

The following procedure was foilowed to compare the inhalation properties of Ventolin Rotocaps"^ (8 
commercially avaiiable formulation) vs. albuterol sulfate hollow porous microspheres formed in accordance 
with the present invention. Both prepartions were discharged from a Rotohaler*' device into an 8 stage 
Andersen Mark II cascade impactor operated at a flow of GOL/min. Preparation of tha albuterol sulfate 
microspheres is described in Example X with albuterol sulfate deposition in the cascade impactor analyzed as 
described in Example XV. Approximately 300 //g of albuterol sulfate microspheres were manually loaded into 
empty Ventolin Rotocap' gelatin capsules. The procedure described in the package insert for loading end 
actuating drug capsules with a Rotohaler'' device was foilowed. Ten actuations were discharged from the 
device into the impactor. A 30 second Interval was used between each actuation. 

The results comparing the cascade impactor analysts of Ventolin Rotoceps* end hollow porous 
albuterol sulfate microspheres discharged from e Rotohaler" device ere shown in Table VI immeifiately below. 



Table VII 



Sample 


MMAD 


Fine Particle Fraction 


Fine Particle Dose 




IGSOl 


% 


(meg/dose) 


Ventolin flotacaps''(n-2| 


7.869 
(1.6064) 


20 


15 


Albuterol Sulfate 


4.822 


63 


60 


Microspheres (n - 3) 


(1.9082) 







The hollow porous albuterol sulfate powder delivered from the Rotohaler'' device had a significantly 
higher fine particle fraction |3-fold} and a smaller MMAD value as compared with Ventolin Rotoceps*. In this 
regard, the commercially available Ventolin Rotocap'' formulation had a fine particle fraction (FPF) of 20% and 
a fine particle dose (FPDI of 15 A^/ectuation, whereas the hollow porous albuterol sulfate microspheres had a 
FPF of 63% and a FPD of BOfj^l actuation. 

The example above exemplifies the excellent flow and aerodynamic properties of the spray-dried 
powders delivered from a Rotahaler'' device. Moreover, this example demonstrates that fine powders can be 
effectively delivered without carrier particles. 

XXIil 

Nebulization of Porous Particulate Structures Comorisino 
Phospholipids and Cromdvn sodium in Perfluorooctvlethane 
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usmQaMicroMist MebuBzer 
Forty milignnis of the ipid based miaospfms contairing 60% cromolyn sodium by weight (as from 
Example XIII were dopersed In 10 ml perfluorooctylethane (PFOE) by shaking, forming a suspensioa The suspension 
was nebdzed imti the fboroctfbon Gqiid was defivered or had aveporated using a MicroMist (DeVilbissI disposable 
S nebfor using a PiimoAide* ar compressor (DeVOlxss). As described ebove in Example XV. an Andersen Cascade 
Impactor was used to measure the restiting particle site dstribution. More spedficany, cromolyn sodisn content 
was measured by UV adsorption at 328nm. The fine particle fraction is the ratio of particles deposited In stages 2 
through 7 to those deposited in all stages of the impector. The fine partide mass is the weight of material deposited 
in stages 2 through 7. The deep king fraction is the ratio of particles deposited in stages 5 through 7 of the impactor 
10 IwNch correlate to the dveoii) to those deposited in oB stages. The deep lung mass is the weight of material 
deposited in steges 5 through 7. Table Vtll immedately below provides a summary of the results. 



Table Vlll 



Rne particle fraction 


fine partide mass 


deep lung fraction 


deep lung mass 


90% 


6mg 


75% 


5mg 



15 

XXIV 

Nebultzation of Porous Particulate Structures Comprisinn 
PhosohoBoids end Cromolyn Sodium in Perfluorooctylethane 
qsinqaRaindfop'N?Nli^gr 

20 A quantity of Gpid based microspheres containing 50% cromdyn socfiunu as from Example XII, weighing 40 

mg was dispersed in 10 ml perfluorooctylethane (PFOE) by shaking, thereby fonning a suspension. The suspension 
was nebulized until the fluorocarbon fiquid was ddhrered or had aveporated using a Raindrop* disposable nebulizer 
(Ndlcor Puritan Bonnet) connected to a PuhnoAide* air compressor (OeVilbiss). An Andersen Cascade Impactor was 
used to measure the resdting particle size distribution in the manner described in Examples XV end XXIll. Table IX 

25 innediately below provides a summary of the resdts. 



Table IX 



Fine partide fraction 


fine partide mass 


Oeep lung fraction 


deep lung mass 


90% 


4 ma 


80% 


3mg 



30 XXV 

Nebuiization of Anuaous Cromolyn Sodium Solution 
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The contents of plastic viai contaning a unit dose inhalation solution of 20 mg of cromolyn sodun in 2 ml 
purified water (Dey LaboratoriesI was nebulized using a MicroMist dsposaUe nebiiizer IDeVilbiss) using a PidmoAide* 
air compressor lEkMlbissl. The cromolyn sodium solution was nebulized for 30 minutes. An Andersen Cascade 
Impactor was used to measure the lesdting size dstiibution of the nebuSzed particles, by the method described 
above in Example XV. TaUe X immeciately below provides a summaiY of the results. 



Table X 



fine partide fraction 


fine particle mass 


Deep lung fraction 


Deep lung mass 


90% 


7mfl 


60K 


Bmg 



With regard to the instam result^, it will be appreciated that the f ormtiations nebiiized from fluorocarbon 
suspension mediums m Examples XXIII and XXIV provided a greeter percentage of deep lung deposition then the 
aqueous sohition. Such high deposition rates deep in the lung is partictiarly desirebte when deEvering agents to the 
systemic drctiation of a patient 

Those sidDed in the ert will further appredate that the present invention may be emboded in other specific 
forms vuithout departing from the spirit or central attributes thereof. In that the foregoing description of the present 
invention dsdoses only exemplary embodiments thereof, it is to be understood that other variations are 
contemplated as bang within the scope of the present invention. Accordngly, the present invention is not Emited to 
the particular embedments which have been described in detal herda Rather, reference should be made to the 
appended ddms es indcative of the scope end coment of the inventioa 
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1. Use of a hioactive agent in the manufacture of a mecficonent for pdmonarv ddivery whereby 
the medicament comprises a phirafity of perforated mjcrostructures vuhich are aarosotized using an inheiation device 
5 to provide eerosolizBd metf cament comprising said faioactive agent wherein said aerosolized mad cement is in a form 
for admnastration to at least a portion of the nasai or ptimonary air passages of a patient in need thereof. 

Z The use of daim 1 wherein seid inhalation device comprises e metered dose inhaler, e dry 
powder inbeler or a nebdizer. 

3. The use of dmm 1 wherein sad perforated nBcrostn^tures ere in the fonn of a dry powder. 
10 4. The use of daim t wherein said perforated microstructures ere dispersed in a nonaqueous 

suspension medum. 

5. The use of any of daims 1 to 4 wherein said perforated microstructures comprise a surfactant. 

6. The use of daim 5 wherein said surfactam is selected from the group consisting of 
phospholipids, nonionic detergents, nonionic block copolymers, ionic surfactants, biocompatible fluorinated 

IS surfactants and combinations thereof. 

7. The use of dehns 5 or 6 wherein said surfactant is a phospholi|»d. 

8. The use of daim 7 wherein said phosphdipid is selected from the group consisting of 
dilauroylphosphatidylchoiine, dideylphosphatidylchdiner dipalmitoylphDsphatidylchdine, 
disteroylphosphatidylchdine, dibehenoytphosphatidyl-chdine, diarachidoylphosphatidytchdine and 

20 combinations thereof. 

9. The use of any of ddms 1 to 8 wherein the mean aerodynamic diemeter of the perforated 
microstructures is between 0.5 and 5 fm. 

10. The use of any of daims 1 to 9 wherein seid perforeted microstructures have a bulk 
density of less than about 0.5 glcml 

23 11. The use of any of daims 1 to 10 wherein said perforeted microstructures hove e meen 

geometric diameter of less then ebout 5 /t/m. 

12. The use of eny of daims 1 to 11 wherein said bioactive agent is selected from the group 
consisting of antiallergics, bronchodlators, pulmonary lung surfactants, analgesics, antibiotics, leukotriene inhibitors 
or antagonists, antihistamines, antnnflammatories, antineoplastics, anticholinergics, anesthetics, anti-tuberculars, 

30 imaging agents, cartiovascular agents, enzymes, steroids, genetic material, viral vectors, antisense agents, proteins, 
peptides and combinations thereof. 

1 3. A method for fomiing a perforated microstructure comprising the steps oh 
providng a liquid feed stxk comprising an active agent; 

atomizing said liquid feed stock to produce dspersed liqtid droplets; 
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drying said Eqind droplets under predetemnned conditions to form perforeted microstructures comprising 
said active agent; and 

collecting said perforated microstnctufes. 

14. The method of dam 13 urfierein said feed stock comprises a blowing agent 
S 1 &. The method of daim 14 wheran said blowing egent comprises a nonHuorinated oil. 

1 6. The method of dam 1 4 wherein seid blowing egent comprises a fiuorinated compound. 

1 7. The method of danri 16 wherein said fiuorinated blowing agent has a boiling point ^ter than 
about 60°C. 

18. The method of any of daims 13 to 17 wherein said feed stxk comprises a cdlddai system. 
10 1 9. The mettio6 of eny of daims 13 to 1 8 wherein said feed stxk comprises a surfactant 

20. The method of daim 19 wherein said surfactant is selected from the group consisting of 
phospholipids, nonionic detergents, nonionic block copolymers, tonic surfactants, biocompatible fiuorinated 
surfactants and combinations thereof. 

21 . The method of daim 19 or 20 wherein said surfactant is a phospholipid. 

1 5 22. The method of deim 21 wherein said phosphofipid is selected from the group consisting of 

dPauroytphosphatidytcholine, (fideylphosphatidylcholine, dipalmitoylphosphatidylcholme, 

disteroylphosphatidyichdina cBbehenoylphosphatidylcholine, diarachidoylphosphatidylchdine and combinations 
thereof. 

23. The method of any of daims 13 to 22 wherein said cdlected perforated microstructures 
20 comprise hdlow porous microspheres. 

24. The method of any of daims 13 to 23 wherein the mean aerodynamic diameter of said 
collected perforated microstructures is between 0.5 and 5 //m. 

25. The method of any of daims 13 to 24 wherein said perforated microstructures have a 
mean geometric diameter of less than about 5 |/m. 

25 26. The method of any of daims 13 to 25 wherein sdd active agent comprises a bioactive 

agent. 

27. The method daim 26 wherein said bioactive egent Is selected from the group consisting of 
entiailergics, bronchodilators, pdmonery lung surfactants, analgesics, an1iUotic$, leukotriene inhibitors or 
entagonists, entihistamines, antinflammetories, antineoplastics, anticholinergics, anesthetic^, anti^tuberculars, 

30 imaging agents, cardiovasctjlar agents, enzymes, steroids, genetic material, vird vectors, antisense agents, protdns, 
peptides Bnd combinations thereof. 

28. The method of any of daims 13 to 27 wherein said atomizatian step is accomplished using a 
spray dryer. 

29. A perforated microstructure f ornied accordng to any one of dams 1 3 to 28. 
35 30. A method for increasing the dspersibillty of a powder comprising the steps of: 
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providing a Equd feed stock comprising an active agent' and 

spray drying said iqiod feed stock to produce a perforated microstructure powder having a bulk 
density of less than about 0.5 gfcm^ wherein said powder exhibits reduced von der Weals attractive forces when 
con^ared to a reiativeiy non-porous powder of the same compositioa 
S 3 1 . The method of deim 30 wherein said iquid feed stock comprises a blowing agent 

32. Themethod of deim 31 wherdn said Uowing agent comprises a nonfluorinated oil. 

33. The method of dam 31 wherein said blowing agent comprises a fluorinated compound. 

34. The method of daim 33 wherein said Huorinated compound has a boifing point of greater than 
about 60°C. 

10 .35. The method of eny of daims 30 to 34 wherein said f^d stnk comprises a surfactant 

36. The method of daim 35 wheran said surfactant is sdected from the group consisting of 
phospholipids, nonionic detergents, nonionic block copolymers, ionic surfectants, biocompatible fluorinated 
surfactants and combinations thereof. 

37. The method of daim 35 or 36 wherein said surfactant is a phospholipid. 

I S 38. The method of daim 37 wherein said phospholipid is sdected from the group consisting of 

dilauroylphosphatidylchoiine, ideylphosphatidylchdine, (fipdmitoyiphosphatidylchdine, 

disteroylphosphatidylcholine dibehenoyiphosphatidytcholine, diarachidoylphosphatidylchdine and combinations 
thereof. 

39. The method of any of daims 30 to 38 wherein said perforated microstnjctures comprise hollow 
20 porous mkTospheres. 

40. The method of any of daims 30 to 39 wherein said active agent comprises a bioactive agent 

41. The method daim 40 wherdn said bioactive agent is sdected from the group consisting of 
antiaDergics, bronchodilator;, pdmonary lung surfactants, andgedcs, antibiotics, feukotriene inhibitors or 
antagonists, antihistamineSr antiinflammatories, antineoplastics, antKhoKnergici anesthetics, anti tuberculars, 

25 imaging agents, cardiovascular agents, enzymes, sterdds, genetic materid, vird vectors, antisense agents, proteins, 
peptides end combniations thereof. 

42. A perforated rrncrostructure powder formed according to any one of dams 30 to 41 . 

43. A powder having increased dspersblity comprising a (duraEty of perforated microstructures 
having a bulk density of less than about 0.5 glcm^ wherdn sdd perforated microstructure powder comprises an 

30 active agent. 

44. The powder of daim 43 wherein said powder comprises hdlow porous microspheres. 

45. The powder of claims 43 or 44 wherein the mean aerodynamic diameter of said perforated 
microstructures is between 0.5 and 5//m. 

48. The powder of any of daims 43 to 45 wherein said perforated microstructures have a 
35 mean geometric diameter of less than about 5 im, 
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47. The powder of any of danns 43 to 46 wherein said perforeted microstructures comprise e 
smfactanL 

48. The powder of deim 47 wherein said surfactant is setected from the group consisting of 
phosphdipids, nonionic detergents* nonionic block copdymers, ionic surfactsnts, biocompatible fluorinated 
surf actents and combinations thereof. 

49. The powder of daim 47 or 48 wherein ssid surfactant is a phospholipid. 

50. The powder of dean 49 wherein said phospholipid is sdected from the group consisting of 
dilauroylphosphatidylchoOne, ideylphosphatidylchdine, dipaimitoylphosphatidyfchdine. 
disteroylphosphetidylchdinedibehenoylphosphatidylchdine, diarachidoylphosphatidylchoiine and combinations 
thereof. 

51 . The powder of daim any of daims 43 to 50 wherein said active egent is a bioactive agent 

52. The powder of daim 51 wherein said bioactive agent is selected from the group consisting 
of antiaiiergics, bronchodilatDrs, pulmonary lung surfactants, analgesics, antibiotics, leuicotriene inhibitors or 
antagonists, antihistamines, antiinflammatories, antineoplastics, antichoiinergics, anesthetics, anti- 
tuberculars, imaging agents, cardiovascular agents, enzymes, steroids, genetic material, viral vectors, 
entisense agents, proteins, peptides and combinations thereof. 

53. An inhalation system for the pulmonary administration of a bioactive agent to a patient 
comprising: 

an inhalation device comprising a reservoir; and 

a powder in said resarvdr wherein said powder comprises a piurdity of perforated 
microstructures having a bulk density of less than about 0.5 gfcm^ wherein sad perforated nucrostructure 
powder comprises a bioactive agent whereby seid inhdation (fevice provides for the aerosoized administration of 
said powder to at leest e portion of the nasd or pdmonary air passages of a patient in need thereof. 

54. The system of daim 53 vyherein said inhalation device comprises a dry powder inhaler, a metered 
dose inhaler or a nebulizer. 

55. The system of deim 53 wherein said perforated microstrxtures are dispersed in e nonaqueous 
suspension mediian. 

56. The system of daim 55 wherdn said nonaqueous suspension medium comprises e fluorinated 
compound. 

57. The system of any of daims 54 to 56 wherein said perforated microstructures comprise a 
surfactant. 

58. The system of daim 57 wherein said surfactant is sdected from the group consisting of 
phospholipids, noraonic detergents, nonionic block copolymers, ionic surfactants, biocompatible fluorinated 
surfactants and combinations thereof. 
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59. The system of dams 57 or 58 wherein said surfactant is a phospholipid. 

60. The system of eny of daims 54 to 59 whenm said Uoective egent is selected from the group 
consisting of entiolergics; farenchodBators» pitoonary lung surfectentSy snajgesics; antifatodcsr letdcotriene Inhibitors 
or antagorists; antihistamines; antinftamniBtories; antineoptesticfl^ antichoinetgics; anesthetics; anti-tuberculars, 
enaging egents, cardnvesculBr agents; enzymes; steroids; genetic materiel, viral vectors, antisense egents, proteins, 
pieptides and canbinstions thereof. 

61. A method for the ptimonvy delivery of one or more InoaclivB egents comprising the steps of: 
providing e powder comprising e plurality of perforated microstnictures having e bulk density of less 

than about 0.5 qlcnf wherein said perforated microstructure powder comprises e Uoective agent; 

aerosolizing said perforated microstructure powder to provide an aerosolized medicament; and 
aMnistering a therapeutically effective amount of said eerosoEzBd moicament to at least a portion of the 

nasal or pulmonary air passages of e patient in need thereof. 
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1B1 PFC/PC=1.1 1B2 




1C1 PFC/PC = 2.2 1C2 

FIG. i (SHEET I OF 2) 
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